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ABACUS. 

The abacus, or instrument for counting, lias been developed into many commercially useful 
forms, the moro prominent of which are, mechanical devices, such as faro -counters, for checking the 
receipt of numerous small sums of money, revolution and spood counters necessitated by the prosent 
extended use of machinery, and the slide rule, 

Fare-Counters. — The introduction of street tramway systems has given impetus to inventive ideas 
as to methods of checking the amounts of the faros received by the conductor. Many of those 
inventions are merely duplications of former ideas; the illustrations in the subsequent descriptions 
are therefore to bo considered typical. Following the division laid down in the article on this 
subject contained in the first division of this Dictionary, the various typical inventions may bo con- 
sidered under the heads of Counters , Recordin'} Counters , with Check System. The last head scarcely 
includes methods sufficiently related to Engineering to call for description in this work, and these 
may be hut shortly dealt with. 

Check Systems. — Chock systems include the use of coupons, whether thoso are tickets numbered 
consecutively, or couuterdiscs variously engraved, or bulls of different diameters. One of tho 
simplest chock systems is that introduced by J. Haworth, in 18(57, the conductor being provided 
with a box containing coils of tickets consecutively numbered, each ticket being torn off when paid 
for, or issued to the passenger. Longer and shorter distances, to which correspond different fares, 
require a separate coil for each difference in faro. This system is the simplest mechanical ex- 
tension of tho counterfoil chock, which leaves a foil in a ticket-book for every ticket issued to a 
passenger. A modification of this plan was introduced by J. H. Betterley and W. Davidson, in 
1874, who devised that by tho depression of a lever, a certain length of chemically prepared paper 
should be thiown forward from a box containing the roll. The paper being prepared with nitrate 
of silver, or otherwise made sensitive to the action of light, became discoloured and could not bo 
again used ; the length of the paper strip checked the amount of fares received. An improvement 
upon this roll-ticket system was invented in 187.‘b by J. T. Parlour, who attached to tho spindle of 
tho paper-roll suitable gearing in connection with an indicating or registering apparatus. 

Another species of cheek systom is that in which counter-tickets variously engraved with tho 
different distances or fares arc employed, or instead of engraved tickets, tickets or balls of different 
sizes are used. Sometimes theso representations of fares paid are dropped into a proper receiving 
chamber by the passenger, or by the conductor in presence of tho passenger. The modifications of 
this principle are very numerous, but none appear to have received general application, for which 
the reasons aro sufficiently obvious. Analogous to this system is that of so-called safety fare-boxes, 
which are money-boxes with different comportments and openings for tho receipt of the proper lares 
to be introduced by the passengers. In some cases those boxes have been provided with apparatus 
to indicate whether the box has been inverted, for the purpose of abstracting money. An 
improvement on tho foregoing principles was instituted by II. A. Walker, in 1872, in which tho 
checks are enclosed in a tube or chamber, a handle drawn forward by the money-taker brings out 
the bottom check, and the number of checks issued is indicated on a counting apparatus. An 
improvement on the fare-box principle was introduced in 1877 in England, as the invention of 
G. Beadle, of America; in fliis the money or ticket dropped into the box is stopped in its passage 
by a slide, the withdrawal of which causes an alarm to sound and actuates a register. 

Other check systems have for their representative the way-bill, or paper form on which the 
conductor scores witlnn the passengers view the amount and numlicr of fares he lias received. To 
prevent fraud by the obliteration of these entries, a device was introduced in 1877, by Kennedy 
and Anderson, which consisted in placing the way-bill between two perforated hinged slabs of wood 
or iron, tho way-bill being perforated to correspond with tho perforations against which the price 
is marked, in tire slabs, as the fares aro paid. 

Simple Fare Counters or Indicators. — Tho earlier inventions for chocking the amount of faro paid, 
or to be paid, appear chiefly to bo intended for application to cabs, either to inform the hirer how 
much he ought to pay, or the distance he has traversed, or to inform the proprietors the distance 
the cab has run under hire during tho day, and the amount duo to them for fares. For theso 
purposes, A. Sutton, in 1802, devised an indicator with double set of index-hands, and a divided dial 
in gearing with the wheels of tho cab. The mechanism, of the ordinary character obtaining in 
.indicators driven by gearing, and consisting of a suitablo train of wheels, is contained in a box 
or case mounted upon a shaft, so as to bo capable of being turned to show the words Hired or 
For Hire. In the position when the word Hired is shown, tho train of the indicator is thrown 
ifnto gearing, and the distanco traversed by tho wheel recorded ; bringing the words For Hire 
into view, causes the indicator to bo thrown out of action. As tho passenger would desire to 
know the distance travelled, his interference would bo sufficient guarantee to the proprietor that 
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the cab had not ran whilst the words For Hire were shown. This invention may. be taken as 
the type of a considerable number of devices for the same purpose. But for the purposes of indicating 
the number of persons entering vehicles, such as omnibuses and tram-cars containing more than one 
fere, some modification becomes necessary, as the end required is not only the distance travelled, 
but also to know the number of travellers. There appear tnree principles underlying the inventions 
for this purpose, that is, the inventor has availed nimself of the use of a turnstile at the entrance 
or exit, or at both, or of the use of a movable step, which, in connection with certain gearing 
recorded the act of stepping into and from the vehicle, or of a seat arranged so that the weight of 
the passenger should cause a reoord. In a few inventions these three principles are combined. 
The other methods devised leave greater reliance to be placed upon the conductor's performance of 
his duty, and as they are somewhat various are better separately described. 

In 1873, M. A. Weir introduced the use of a turnstile, a cam on the shaft of which communi- 
cates pressure to a bellows, and thus, by tubing, pneumatically conveys to a dial impulses, registering 
the number of turns caused by the entrances and exits of passengers. The indicator-dials arc as 
numerous as there may be stations or differences of fare, and changes are effected by a worm-wheel 
in gearing with the wheels of the vehicle, bo that shortly before arriving at a given station or 
distance, the proper dial is brought into play. In the case of tramways a rise or projection in the 
road causes this change of indicator. In 1874, J. Robertson devised the improvement of a movable 
step, placed at such a height that the passenger is compelled to step upon it when entering or 
leaving the vehicle. By a simple shaft and mechanism, the depression of the Btep or platform is 
communicated to a dial, upon which is indicated the number of depressions. As, however, indica- 
tion upon a dial would be obviously inferior to a graphic or printed record, most inventors have 
turned their attention to the construction of permanently recording instruments, and these will bo 
found described under the head of registering or recording counters. 

Counters actuated by the conductor or person in charge of the vehicle, may be represented by 
the invention of W. Thomas in 1867, in which an operating handle is placed at any convenient 
part of the omnibus, preferably at the back near to the step on which the conductor stands. From 
this handle motion is conveyed by rods to the registering apparatus, the indicating dials of which 
are placed in view of the passengers, and to a signal bell or gong. The operating handle is fitted 
in a slot, and is pushed or mado to slide to one end to register one ; a spring or balance weight is 
provided to bring it back into position for the next movement. The motion being conveyed to the 
registering apparatus by shafting, a trigger or trip-piece there sounds a bell. This trigger takes 
into the teeth of a whoel on a shaft, and causes both it and the shaft to make ono-tentli of a 
complete revolution. This shaft is in the centre of the registering apparatus, and is fitted with 
a ratchet wheel in which a pawl falls to prevent it from moving backwards. A disc on which 
numerals are formed, is also secured on the shaft, and moves with it, so that each successive figure 
is made to move round opposite to a glazed opening largo enough to allow only one figure to be 
seen at a time. In 1869, H. Grothe introduced a more complicated system of levers and dials, 
to indicate the changes arising from difference in fares. 

Registering , or According, Fare- Counters. — In 1862, W. J. Curtis devised a cab-rcgister, which 
includes a packet of cards having printed on them a graduated dial. Each passenger receives a 
card, which is placed upon a revolving table in the recording apparatus in connection with tho 
wheels of the cab. Upon starting the card is punched, and upon removing it, it is again punched, 
and the distance between the two nicks shows the distance travelled. The punch in the second 
nicking strikes out the centre of the card and discharges this into a receiver. This punched-out 
portion bears a counterpart of the nicks on tho portion retained by the passenger, and therefore 
shows the amount of the faro chargeable to the passenger. In 1863, 1\ Gaskell invented a system 
in which motion is also taken from the wheels of the cab, to n toothed wheel turning freely on an 
axis, which passes through the centre of a dial-plate, and has attached a hand or pointer. This 
axis* carries at its other extremity a small punch, which is presented to a disc of paper cor- 
responding to the dial-face. Tho punch pierces the paper at starting and stopping of the 
vehicle; and a radial movement given to the punch prevents its piercing the disc twice in tho 
same place. In 1867, W. Cooke devised a system, utilizing the three chief operating means or 
agents, the motion of the vehicle itself, the weight of each passenger when seated, and the weight 
of each passenger whilst passing on to, or off from tho vehicle. Motion is taken from the hub of 
the wheel, or from any other rotating part, and conveyed to a drum or roller. This drum or roller 
gives motion to a band of paper, on which the diagram or register is to be mode by a number of 
pencils, one of which is in communication with each seat. When a passenger sits down, the seat 
is depressed, and the motion communicated to the pencil to make or break contact of the pencil with 
the paper, and so make a line, either during the time the passenger is seated, or when the seat is 
unoccupied. In detail, the cushions of the seats are. made air-tight, and each one is placed in 
communication with a small closed inflatable ball, placed near tho drum and paper. When a 
passenger sits down, the cushion of the seat occupied is compressed, and the air forced therefrom 
into the ball or vessel, which is oxpanded ; this raises the pencil, which is balanced on a fixed joint, 
from contact with the paper, and so leaves the paper in blank as long as the seat is occupied. The 
moment the seat is vacated, contact takes place, and a line or mark is made as long as the vehicle 
continues in motion. To provide a check, so as to show that contact was made or broken by a new 
passenger, .and not simply by the same passenger rising up and sitting down again, a movable step 
is constructed on to which every passenger must tread on mounting, or leaving, the vehicle. Tho 
motion of the step is consequently compressed in, and transmitted by a cord, or other means, to 
produce on the paper a mark, or leave a blank. If at the time contact of the pencil and the paper 
is made or broken, there is a mark or blank made or left by the moving of the seat, it is clear tlm 
passenger has left the vehicle, even if the diagram shows that the seat was taken immediately affceP 
being vacated. In 1875, J. T. King added to this system a method of interlocking the movable seats, 
so that the seats sat upon caused the unoccupied seats to rise ; and further recorded by a type-printer, 



ABACUS. 


8 


upon a paper ribbon or strip, the number of the seat occupied. In 1877, 0. F» Hayes introduced 
the use of a turnstile which, by gearing, communicates motion to two circular tables furnished with 
graduated indicator cards, one card indicating entrances, and the other exits. A travelling marker 
is fitted above each card, and moves inwards radially a short distance, as the vehicle is performing 
its journey, and when given distances are accomplished returning to its normal position. This 
return of the marker to its normal position, indicates commencement of a fresh section of the 
journey and increment of fare. 

It is worthy of notice, that notwithstanding the mechanical ingenuity displayed in these 
inventions, none seemed to have surmounted the practical difficulties sufficiently to have come into 
general use. 

Portable Fare-Counters . — The mechanical attachments to vehicles boing cumbersome and ex- 
pensive, several inventors have sought to introduce recording ticket-punches, that either by a 
register, or by a store of punched-out pieces, may serve to check the amount of fares received. In 
1878, N. Mocphail introduced a hand apparatus, including a small bell and printing mechanism, in 
which the bell wns to be sounded once for every penny paid. This idea received great improvement 
in 1874 in an invention introduced from America, where it had been extensively usod. As its use in 
this country bus been somewhat general on the tramway systems, the punch is described in detail. 

In Fig. 1, A is the upper, and B the lower handle of the instrument, hinged together and provided 
with an ordinary punch-tool. O is the case containing the bell and register mechanism, on opposite 
sides of a partition. There are covers to this case. Register wheels aro actuated by a stepped 
pawl, attached to the 
radial arm swinging 
on the arbor of the 
register wheols, and 
connected with a pro- 
jecting portion of the 
web of the upper han- 
dle A by a project- 
ing pin. The pawl 
moves the register one 
degree each timo the 
handles of tho punch 
are closed. 

The general con- 
struction and opera- 
tion of the register 
mechanism is as fol- 
lows — 

The bell is secured 
to a stud on the inner 
side of the cover, and 
I is the arm of tho 
bell-hammer pivoted 
te the case C. The 
arm is provided with 
two secondary arms 
i l , arranged at right 
angles to the former, 

above and below its fulcrum r ; j is a curved flat spiing, secured to the ease C at /, and bearing 
with its free end against the upper arm of tho bell-hammer, so as to hold tho latter closed; 
a cam is mounted looselv on the pivot i* of the bell-hammer, between the arm I of tho latter, and 
the partition of the case 0; it is provided with a tooth A 1 , projecting under tho portion of tho upper 
handle A, and a smaller projection or tooth, arranged in rear of tho tooth A 1 , while it carries on the 
opposite side of tho pivot i 2 , a shoulder engaged under the arm I of the boll- hammer, in the angle 
formed by the arm t 1 with the arm I. 

In closing the handles of the punch, the portion of tho upper handle strikes the tooth A 1 of 
the cam, turning the latter on its pivot i 2 , and raising tho hammer against the spring j, by means 
of the shoulder engaging under the arm I. When tire movement of the handles is completed 
and the boll-hammer released, the latter and the cam are returned to their former position by the 
spring.;, and the bell is rung. In opening the handles, the end of the portion of the web comes in 
contact with the tooth A 1 of the cam, and turns the latter slightly on its pivot, the shoulder having 
a little play in the angle of the arms I and i 1 , to permit tho cam to be so turned back. The punch 
being in position of Fig. 1, with the handles distended, the spring p, bearing against the upper 
incline of the detent pawl, holds the lower tooth o' of the latter against the lower and upwardly 
inclined ratchet. 

In closing the handles in operating the punch, the detent pawl O slides over the ratchets until 
it comes in contact with tho cam-tooth, which turns the pawl 0 on its pivot until the spring />, 
which has pressed against the upper inclined side of the pawl, passes the apex, and engages against 
the lower incline, when the pawl O is shifted, so as to engage its upper tooth O 9 with the upper 
series of ratchets. During the closing movement of the handles, the detent pawl O, being in con- 
tact with the lower series of ratchets, prevents any retrograde movement of the handles, until the 
> closing movement is nearly completed, and the register moved one degree, when the pawl is 
shifted as described, so as to clear the lower ratchet and prevont the handles opening. Hence an 
attempt to ring the bell without operating the register, by partially closing the haudles and then 
suddenly releasing them, will be unsuccessful. 
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During the last portion of the closing movement of the handles, the portion of the web is 
disengaged from the bell-hammer and the bell rang, the register having been moved one degree, 
and locked by the respective detent pawl, a little before the bell is rung. In opening the handles, 
the pawl O slides over the upper series of ratchets, and prevents in a similar manner the closing 
until the handles are almost completely opened. This prevents the ringing of the bell by opening the 
handles to such a degree as to engage the hammer-pawl with the bell-hammer, but not sufficiently 
to cause the register-actuating pawl to engage over the next notch of the register wheel. During 
the last portion of the opening movement, the cam-tooth comes in contact with the upper tooth 
O* of the pawl O, and shifts the pawl to its natural position, leaving the punch free for a second 
operation. During the shifting of the pawl O, a tooth comes in contact with the tooth of the cam, 
so that the cam, which lias been slightly turned back during the opening of the handles, will be 
returned to its former position, with the tooth h l projecting under tho portion of the upper handle, 
ready for a second closing of the handles. 

# K is. the receptacle for the punch cuttings, secured to the underside of the jaw B of the punch ; 
it is of cylindrical or othor suitable shape, and provided with a single aperture in its side adjacent 
to the jaw B. 

When tho person using tho punch obtains access to tho registering mechanism, by picking tho 
lock, and sets tho hands back to tho starting-point, for the purpose of retaining the number of 
fares, which ho cancels during the movement of tho icgistering mechanism from the point on 
which it has boon so placed to the starting-point, the fraud is exposed by the wheel remaining 
stationary at the last notch bofore reaching the starting-point, thus indicating that tho full number 
of fares which the apparatus is capable of registering has been cancelled, while a lesser number of 
fares is returned. 

A modification of this invention was devised in 1874 by T. B. Doolittle, in which a semi- 
cylindrical barrel or tube contains a series of ratchet wheels having numbers on their laces, and a 
vertically moving spring bar or rod, provided at its upper end with a spring hook or catch, which 
when the punch-bar is depressed takes hold of the first of a train of wheels, and turns the same 
one point at each stioke. The rod at the lower end is provided with another spring catch, for the 
purpose of operating a small striking hummer, so as to sound an alarm bell. 

JRcrolution and Speed, Counter — It is frequently of the highest importance that tho speed or 
number of revolutions in a given time, ot an engine or other machinery should bo known or 
ascertainable with aecuiaey. In marine engines this is especially desirable, as well &b in ceitain 
kinds of mills where uniform speed is a necessity. For almost all discretions of work, there 
is a certain speed at which the working results are highest, and it becomes important to Ihe manu- 



facturer to maintain the speed, m order to avoid excess of 
wear and tear on the one hand, and secure & full return of work 
on the. ether. Although desirable m some cases, it is not 
necessary in all that the machine should record or register, 
and generally it is sufficient that the machine should show 
at a glance the rnto of speed at that particular moment. It 
is almost universally the* practice, to count the speed or num- 
ber of revolutions of an engine at so many in the minute, 




and this, if an ordinary counter were employed, giving merely the number of revolutions made since 
a certain starting time, would necessitate reference to a dock or other mode of marking time. But 
in speed-counters generally, the practical difficulties that such a time-keeper would introduce, are 1 
obviated by the adoption of the principle of centrifugal force, as illustrated in tho use of governor- 
balls. A counter or indicator on this plan was introduced by Sir D. L, Salomons in 1874, and is 
shown in Fig. 2, in which a a are the spindle and sleeve of an ordinary governor, connected to tho 
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wheel d by the ciank find rod b and c, which impart motion to the rack e, carrying a pointer; and 
this indicates the speed on the scale /. Such a machine indicates speeds not affected by any great 
variation with sufficient accuracy, but is not adapted to cases of fluctuation from low to nigh 
speeds. The same inventor also introduced throe other forms of indicator. One of those was a 
kind of fan-blast, the pressure of air caused by the fan moving a piston against a spring, a pointer 
attached to the piston indicating the speed on a scale, the divisions of which must bo found by 
previous experiment. In another form, based on this principle, a curved, flattened tube, like an 
aneroid tube, is substituted for the piston and spring, the tube in uncoiling from the pressure 
of air within it actuating a crank and pointor. In a third form, Salomons causes a tube to rotate 
horizontally about tho centre of its length, a small pipe from each end of the tube leading to a 
£lass tube placed in combination with a vertical spindle. The tube being tilled with mercury, 
is caused to rise by centrifugal force in this central tube, and the height of tho mercury indi- 
cates the speed. M. A. Weir introduced in the same vear a modification of this centrifugal 
principle, employing a vertical glass tube tilled with liquid revolving on its longitudinal axis, the 
depression of the centre and rise of this liquid against the sides of the tube, indicating the speed 
on a settle parallel to the tube. R. H. Criokmer in 1874 devised an indicator which also con- 
trolled the action of tho throttle-valve. In gearing with the machinery, the speed of which is 
to be measured, is a vertical cylinder, revolving on its longitudinal axis within an outer fixed 
cylindrical case, between which and tho inner cylinder is a small annular space. The inner 
cylinder is continued at its lower end into a flat hollow wheel, and the outer ease conforms to 
this wheel ; the wheel is also perforated, so that by centrifugal force*, mercury contained in the 
cylinder is forced up through the jierforations in the wheel into tho outer cylinder, according to the 
speed. Upon tho surface of the morcury in tho cylinder floats a hollow iron ball, which follows 
the movements of tho surface of the morcury. Attached to the ball is a vertical shaft in connection 
with suitable gearing, causing a pointer to move over a dial, and working tho throttle-valve by 
mestns of u rack and segmental lever. 

Fig. 3 is of a diiect comparison counter, which consists in combining ft wheel, rotated at regular 
intervals by a clockwork movement, with two sets of counting registers, which nro alternately thrown 
into action. Tho principal mechanism of this counter is shown in Fig. 3. A is tho wheel of a clock 
rotating in two minutes, or other fixed interval 
of time, and having its motion altogether inde- 
pendent of tho other mechanism. On the edge 
of this wheel are two indentations, a and « z , 
exactly at opposite sides; the indentations 
are abrupt on one side, and rise gradually 
with a curve on tho other. Beneath the 
wheel is a lever B, pivoted at one end, and 
forced upward in contact with tho wheel A, 
by a spring 0 at the* other end. In the centre* 
of this arm or lever B, is a double knife-edge 
c, projecting above and below tho lever, the 
upper side engaging with the wheel A, the 
lower side engaging wiih the vibrating aim 
1). Tho arm I) is pivoted at its ci ntie on the 
pin d\ its lower end carries a shaft //, which 
receives its motion from the engine. Upon 
the end of this shaft is placed a ring of india- 
rubber m, to give a yielding pressure upon 
the registeiiug wheels Eli. Two spring 
bars, N k , arc riveted to tho arm D ; they 
pass upward at tho rear of the disc- wheel 
A. The registering wlioel E, having numbers 
placed around its periphery, turns freely on a 
centre-pin. A pin /t 2 , projecting from this wheel at tho roar, acts as a stop to keep tho figure 0 
always at tho bottom, when the wheel is liberated to find its own position. 11 is a similar register- 
ing wheel, placed about one-six teentli of an inch from the indiarubbor friction wheel m. 1* is a 
doublo-arm lever; its lower arm acts as a pawl, which falls into holes in the wheel E. It is moved 
at the proper instant of time by a pin projecting from the front of the wheel A. A similar 
double-arm lever It operates the wheel 11. The clock being set in motion, tho wheel A rotates 
once in two minutes. When it has arrived at the position shown, the lower knife-edge e is 
depressed so as to hold tho friction wheel m against tho wheel E, iD which position it remains until 
the notch a 2 arrives at the knife-edge e. At this instant the pin, which projects at tho front and 
rear of the wheel A, puts a tension upon the spring bar K, so that when the knife-edge falls into the 
notch a 2 , the friction pulley m is forced over in coutuct with the wheel H, and then tho knife-edge 
descends again, on tho other side of the arm D ; thus the arm vibrates suddenly from ono side to 
the other at fixed intervals of time. Now, supposing a rotating motion to bo given to llio wheel m 
by the engine, whilst this wheel is in contact with tho register E, this register will continue 
to count until the wheel m is released from contact. When this takes place, the pawl P holds the 
register in position, and the pointer p' shows the number of resolutions made during the last minute 
H is counting, while E is stationary. The instant before the minute is up, the pin projecting at 
the front of the wheel A, operates the pawl P, and libeiates the register E, which is returned by a 
hair-spring S to its first position, with 0 at tho bottom opposite tho point I v . 
f Indicators have also been constructed upon the hydro- governor principle, in which a fluid is 
injected into a tube by means of piston or rotary pump, and ejected through suitable outlets, 
the speed being measured by the height of the water. Reynolds suggested in 1874 that a wire 
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heated by electricity, the beat varying with the square of the amount of current, and this with 
the number of electrical contacts established, should cause the expansion of a metallic bar with 
which the wire connects, and so indicate the speed by the amount of expansion. 

Westm'jhouse Train Speed* Recorder. — For indicating the speed of locomotive engine! the West- 
inghouse Train speed-indicator has been very successfully used. It will not only show the speed 
of a train at any given instant, but will also allow of diagrams being taken, recording the fluctuations 
or diminutions of that speed caused by the application of the brake. It is shown in two forms, 
Figs. 4 and 5 being intended for fixing in a carriage or van, and Fig. G being adapted for use on au 



engine, the pumps for supplying water under pressure being in this luttcr caso omitted, and water 
for actuating the apparatus being drawn from the boiler. In other respects, with the exception of 
some minor details, tne two forms are identical. 

The principlo upon which the apparatus acts, consists in controlling tho escape of water under 
pressure, by means of a small valve loaded by the action of centrifugal faroc, the arrangement boing 
such that the higher the speed at which the apparatus is driven, the greater will be the pressure 
exerted by certain revolving weights upon the escape-valve, and the liighor therefore the pressure 
maintained within the chamber with which this valve communicates, this chamber constantly 
receiving a supply of water, either from pumps or from the engine boiler. A pressure gauge affixed 
to the chamber containing the water unaer pressure, thus affords, by its indications, information as 
to the speed at which the apparatus is being driven. 

Referring to Figs. 4 and 5, it will be seen that tho apparatus consists of a base A, forming a 
water-tank, there being bolted down to this base a casting 6 carrying all the rest of the parts. To 
one side of the casting B is fixed a tubular axis, on which is mounted the pulley or casing 0, 
driven by a belt from another pulley on any convenient axle, care being taken, however, that the 
wheels on the axle are not fitted with brake-blocks. Fixed to the pulley 0 is a pinion D, which 
gears into a small spur-wheel E, mounted on a spindle provided at its other ond with a disc-crank F. 
From this crank are led off two connecting rods G G, which work small plunger pumps drawing 
water from tho water-chamber A. The arrangement is clearly shown in Fig. 5, from which it will 4 
be seen that tho pistons or short plungers of the pumps are forced outwards by springs, so that 
the connecting rods work constantly in compression, and tho pumps can thus bo driven at a high 
speed. 
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The two pumps deliver water through channels a a into the channel 6, which is fitted with 
a small spring loaded relief valve, Fig. 4, this valve when open allowing any excess of water to 
escape through the hole c back into the water-chamber A. Communicating with the passages a a 
there is also another channel d, Fig. 5. This passage is fitted with small check valve, and 

o. 




through it the water ddivoiod from the pumps can flow 
up to tlio socket c , into which the spring accumulator 
11, Fig 4, is screwed. This accumulator consists of an 
indiarubber diaphragm, having on its under sido a small 
piston against which the water acts, while on its upper side 
is another piston, forced downwards by a spiral spnng. 

The lower piston has a small rod projecting from it, tins rod 
being very slightly tapered, and the water on having the 
accumulator passing down around it to a channel f /, lead- 
ing to a second accumulator I. This I accumulator is similar, 
with the exception that it is disposed horizontally, instead 
of vertically, and by the time the water readies it, tho pulsations caused by the action of the 
pumps are entiiely destroyed. In I the water may thus be considered to bo contained at a 
steady pressure. 

When tho instrument is fixed on an engine, and tho supply of water required is drawn from the 
boiler instead of being supplied by pumps, tho fiist accumulator is dispensed with, as shown in 
Fig. 6. In this case, tho water instead of entering tho accumulator near tho periphery, and 
escaping at the centre around a needle attached to the ram, follows the opposite course, entering 
through the passage /, Fig. 6, passing into the accumulator around tho needle g\ and escaping 
through the passage ri to the regulating escape valve. 

lieturning to Fig, 4, it will be seen that the water can escape from tho second accumulator past 
the needle g into the passage A, which is connected by small holes with a recess z, covered by a thin 
indiarubber diaphragm attached to the relief valve k. Hie form of this valve is such that when 
raised from its seat, the water flows out through a ceutial opening xn tho valve into a small 
chamber, from which it can return through a passage, shown in Fig. 4, into tho water-ioservoir A. 

It will be sein fiom Figs. 4 and 6, that the relief valve k has attached to it a rod /, which takes 
a bearing against a small horizontal lover m. This lever is also pressed against at another point by 
the rod oi spiudle o ; the lever, Fig. 6, is contained in a recess or mortice cut in a bar n, so that by 
turning the screwed caps with which the ends of this bar are fitted, the lever can bo shifted lon- 
gitudinally, and the ratio which the pressure exerted by the spindle o, shall bear to that transmitted 
to the rod l, can thus be adjusted with great delicacy. 

The spindle o extends through the tubular axis on which the pulley C is mounted, and 
is provided within that pulley with the grooved collar p, which takes hold of the shorter arms of 
the two bell-dank levers q q. The other arms of these lovers carry small weights r r, and as the 
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pulley O revolves, the centrifugal force developed tends to sp^ the^ WMght^ Md thus,^hrough 

Ktervention’of the beU^ranks, exerto a pressure lon^tudinally on the spindle o. But m 



exerted dv me weignts r, wiu vh-ij ^ f 

tho pulley 0 is driven, and hence the pressure on the esoapo valve k, will ftlso v ^ “ * . A . ^ 
the velocity of the pulley 0, from which may be deduced the square of the velooity at whion tne 
trainisTovingXt actant supply of w'ater is delivered to the accumulator I tatoffg 
or from the engine boiler, as the case may be, and the pressure maintained within 



OJL MltJ tflUIJ. wuuovs »v WAVU. “ ' l ~~~ F . . . X A i a -nnft 

Fig. 6. From the indications of this gauge, the speed of the tram at any instant can be at onco 


TcTboable to take a diagram recording tho decrease of speed after the application of a brake, 

... . • *1 , i i n i! x~ 'T'li'iu innioarAl 1 la 


be seen tnat tne puiioy u nas nxuu to u a Mnurt wmui, mtu r ” 7" 

wheel w can be placed. Another worm v 9 on the same axis as the worm-wheel w, drives another 
worm-wheel tr, and a slow motion is given to the disc from which the cord for moving the paper 
drum of the indicator is driven. A slow motion is thus obtained for tho drum of tho indicator. 
The indicator employed is not shown, but it is similar to tho ordinary steam-engine indicator, except 
that tho paper drum is somewhat larger, its circumference being 12 in. 

If now the gear for giving motion to tho paper drum be thrown into action, when the brake is 
applied, the pencil of the indicator being at the same time in contact with the paper, it is evident 
that as the speed of the train becomes reduced, tho pencil of tho indicator will fall, and this down- 
ward mo vement, combined with the rotary motion of the drum, will causo an inclined lino to be 
traced on the paper, tho height of this line above zero, at any given point, boing a measure of 
the speed of tho train, at the corresponding point of its forward movement. 

To explain this better, we reproduce to a reduced scale in Figs. 7 to 10 some diagrams takon by 
this apparatus on a train on the Pennsylvania Kailroad, Pittsburg division. The train on which 





those experiments were made weighed about 170 tons, and consisted of an engine and tender 
and six double bogie-oars, the whole of the wheels on the train, with the exception of those of the 
engine truck, being fitted with singlo brake-blocks actuated by the Wostinghouse automatic brake. 
The speed indicator during the trial received its motion from the front axle of the engine, and the 
case or pulley 0, Figs. 4 to 6, containing the bell-cranks with the weighted arms, was driven bo that 
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it made one revolution for each 6 ft. of forward movement of the train. The paper drum of the 
indicator revolved once for every 1200 ft. of forward movement of the train. The instrument is, 
however, provided with spare gears so that a slower movement of the paper drum can bo given if 
required. Of the diagrams annexed the three in tho upper row correspond to stops made under 
the following conditions. 


Place where Stop was made. 

Sjiecd in Miles 
an Hour. 

Distance Run i 
after Application 
of Brake. 


miles 

ft. 

Turtle Crook, lino level 

39 

412 

Brintons „ .... 

34£ 

352 

Brushton „ .... 

31 

200 


The four other diagrams in the third row refer to experiments, of which the particulars are as 
follows ; — 


Place where Stop 
was made. 

Air Pressure 
Pounds per 
Square Inch. 

Speed in 
Miles 
an Hour. 

Distance 
Run after 
Application 
ol Brakes. 

Time 

making 

Stop. 

Speed in MiUs an Hour after Running 
the Subjoined Distances beyond 

Point ot Application of the Brake. 

1 00 ft. 1 

1 200 ft. 

300 ft. 

400 ft. 

600 ft. 


Ih. 

miles. 

ft. 

sec. 

miles. 

miles. 

miles. 

miles. 

inilos. 

Wilkinsburgh .. 

70 

20* 

205 

not tukon 

22 


. , 


, , 

Hawkins .. 

85 

40 £ 

484 

14 

3!) 

34 

29J 

22 


Turtle Creek . . 

90 

37 

304 

18 

m 

1 27* 

19 



Walls .. .. 

85 

43£ 

550 

15 

«* 

38 

33 

20* 

i 

17f 


Tho performance of the brake during these trials was, as will be seen, admirablo; as we have 
already explained, heights in these diagrams represent pressures in the aceumulator of tho speed- 
indicator, and those pressures again ore proportioned to tno squares of tlio speeds. In tho particular 
instrument, Figs. 4, 5, and 0, tho square of the speed in miles an hour multiplied by 0*01 gives tho 
corresponding pressure in pounds per square inch in tho accumulator. It is thus easy to reduce tho 
pressure curves drawn by tho indicator to the equivalent speed curves, and this we have had dono 
for the several experiments above referred to, each pressure curve having the corresponding speed 
curve shown below it. 

It is evident that tho curves drawn by tho instrument, afford tho fullest possiblo information 
respecting the action of the brake with which the train is fitted. Tims not only do they show tho 
distance run and the mean retarding forco, hut they also afford data for calculating the retarding 
force exerted at each part of the stop, and thus show whether tho hrako power was applied 
promptly, as it should be to obtain the best results, or whether it only camo into action gradually, 
and thus involved a loss of time at tho commencement of the operation, when the train was moving 
most quickly. 

Ho ir son's Strophometcr , — The employment of the governor action, as it is called, for tho purpose 
of obtaining an indication of speed!, has been repeatedly attempted, hut hitherto without much 
success, and chiefly for the following reason ; almost all steam engines develop their power by a 
reciprocating motion, which by means of a crank is transformed into a circular ono ; thus tho 
turning effort not being uniform, produces an irregularity of motion, which is augmented by the 
inconstancy of tho load, and subjects the engine to great and incessant fluctuations of speed, an 
exact indication of which would naturally result in an oxcessivo oscillation of the pointer, ami 
render the machine almost useless. This, the chief cause of failure of previously invented 
machines, is in the strophometcr overcome by tho employment of a flywheel driven by friction in a 
peculiar way, tho action of which is to eliminate the smaller and more frequent variations of speed, 
which are only momentary, and obtain an almost constant velocity of rotation. Tho machiue as 
manufactured by Elliott Brothers, of London, is illustrated in Fig. 11, and has a fixed vertical steel 
spindle. On tho lower part of tho spindle a pulley rovolvos freely. By means of tho pulley, the 
motion, or a multiple of the motion to he indicated, is imparted to the instrument by moans of. a 
cord. Resting on the pulley, boss on boss, is a flywheel. When tho pulley is driven by the 
engine, the friction between the two bosses helps to send the flywheel round ; but in addition to 
this, friction from another source helps to propel it. The under face of the flywheel is recessed, 
and into the recess a pair of studs project up from tho pulley. Connected to these studs by light 
chains is a pair of weights which, when the pulley is in motion, press against tho inside of the rim 
of the flywheel and act frictionally thereon, so as to make the flywheel revolve. With these 
driving arrangements, the inertia of the flywheel will prevent it from being too easily affected by 
changes of speed which are not persistent, and thus an almost constant velocity of rotation is 
obtained. The amount of steady motion thus imparted to tho flywlioel is measured in the 
following way Surrounding the spindle above the flywheel is a helical wire spring, the bottom 
end fitting into the oil-cup of the flywheel, and the upper end being secured to a collar, which can 
slide up and down or revolve freely round the spindle. This collar is connected to the flywheel 
by four pairs of jointed links, carrying balls on their middle joints. When in motion these balls 
fly out, and through the connection of the linkB compress the spring, until it measures the resolved 






mens. 


rod from tbo boss worse a tooinea sector, wajcu gettrs u*w » , . ,1^ ~ T7~ ’ j'f 

pointer, and thus the movement is conveyed to the pointer, which sweeps over the gradual 
figured dial. 



With respect to the length of the divisions of the dial corresponding to equal increments 
in velocity, we observo that although the centrifugal force increases or diminishes when the speed 
increases or diminishes, yot it is not a simple measure of the angular velocity; since it varies, as 
the product of the radius and the square of tho angular velocity. We thus see tliat the centrifugal 
force or measure of the velocity increases much faster than tho velocity itself, hence, except under 
peculiar circumstances, the scale of measurements must be a continually increasing one. Accord- 
ingly, on the dials of most revolution-indicators wo see the graduations for low speeds vory close 
together, and wide apart for high speeds. This, to some extent, impairs tho efficiency, and lessens 
the range of tho indication. An interesting feature of the strophometer is that its divisions aro 
nearly all of equal length, produced by this combination of circumstances. As the number 
of revolutions increases, the centrifugal force increases from two causes, first, because tho radius or 
distance of the balls from the axis increases, and secondly, bocause the square of tho number 
of revolutions increases. Opposing this there are two influences tending to lessen tho effect of tho 
centrifugal force. First, the more tho spring is compressed, the greater the force resisting further 
compression, and, secondly, the more the boss or collar is depressed, the more obliquely tho tension 
of the links acts in pulling it further down. These opposing actions so balance one another, that 
except at very low speeds, almost exactly equal changes in the position of the pointer correspond to 
equal changes in the number of revolutions. 

The instrument is attached to the machinery, tho speed of which it is intended to indicate, by 
means of a fine piece of gut or cord, which passes round a pulley on tho revolving shaft, and round 
the pulley at the bottom of tho strophometer. The dial is graduated, and a convenient multiple of 
the motion employed to suit tho maximum speed, and the range of spoed, which the machinery to 




ABACUS. 


11 


which it is attached experiences, the strophomoter not being allowed to revolve at a greater velocity 
than 500 revolutions a minute. Thus, if connected to an engine the maximum speed of which is 
100 revolutions a minute, a multiplying gear of 5 would be used. To facilitate its attachment to 
marine engines with large shafts, on which it would be inconvenient to place a pulley, a simple 
apparatus has been designed. It consists of a wooden roller, which is kept pressed against a flanged 
coupling of the shaft by means of a spring, and the cord is let round a pulley, on tho same spindle 
as the roller. It is so designed that it may be quickly withdrawn fiom tho coupling and put out of 
gear, and any slackness of the cord can bo easily taken up. When fitted to stationary and other 
engines, of which the range of speed is small, say from 30 to 50 revolutions a minute, the whole of 
the circumferenoe of the dial is divided into 20 spaces, which may be subdivided, ana a very great 
delicacy of indication obtainod. 

When used on locomotives, tho cord should bo let round a small pulley on the axle of the 
following wheels. Tho dial would, in this caso, be graduated to express miles an hour, and 
the size of the pulley employod would depend on tho diamotor of the wheels. For fast trains, 
which run great distances, this instrument would bo invaluable as a moans of obtaining punctuality. 

Tho employment of a toothed sector, with a radial slot to actuato tho pinion, allows of a ready 
method of adjusting the pointer to correctness. Tho dials aro graduated duriug manufacture, tho 
machine is then fitted with tho appropriate multiplying gear, ascertained by moderately careful 
measurement, aud exactness of indication obtained by observation and adjustment when the 
engines are working. 

The instrument is very durable, all the working parts boing provided with steel bushes. The 
lubricating arrangements are well considered; the bottom bearing, whero only the friction is 
important, runs in a cup filled with oil. 

Elliott Brothers, of London, construct an indicator, illustrated in Figs. 12 and 13, for recording 
tho number of reciprocal motions, which is based upon the following principles. Tho reciprocating 





motion of any convenient part of an engine or machine, is conveyed to a circular disc carrying a pin 
eccentrically. This pin actuates a rocking arm, which lies along the base-plate, carrying the centres 
for tho arbors of a train of wheels, the nrm being slotted and of sufficient width to allow of 
the arbors passing through it without interfering with its motion ; at the opposite extremity to that 
actuated by the eccentric pin tho rocking urm is pivoted. Close to tho eccentric pin the rocking 
arm is drilled out to receive a star wheel, and this star wheel is actuated by two teeth set iqum the 
rocking arm. The star wheel carries on tho same arbor a numbered disc, the figures on which appear 
before an orifice in the face-plate, as tho star wheel is rotated by the action of tho two teoth on the 
rocking arm shown in dotted lines Fig. 12. On the same arbor as the star wheel and numbered disc, 
is a (“ 
teeth < 

the disc recording ] 

Pocket Revolution- Indicator s. — Engineers frequently require to measure the number of revolutions 
of an engine or machine at times and in positions whero an ordinary rovolution-indieator is not 
available. To meet this want there have been constructed small apparatus suitable to be carried 
in the pocket and easily applied to tho extremity of a shaft or axle. One of tho most commodious 
forms is that introduced by T. R. Harding & Son of Leeds, through Elliott Brothers, and illus- 
trated by Figs. 14 to 19. Tho mechanism, which is extremely simple, is onclosed in a cylindrical 
case of If in. diameter by I in. depth. Across this cylinder or drum and bearing in its sides, 
runs an axle which projects through tho sides of the case ; upon these projecting ends either 
a punch-head, Fig. 15, or a recessed bitt, Figs. 17 and 18, can be fitted, as it may be required 
to measure the velocity of an axle or shaft that has a flush end or a pointed end. Hard pres- 
sure is sufficient to cause tho spindle of the counter, in either case, to revolve with the shaft. 
Upon the spindle of the counter is fitted eccentrically a star whocl. The spindle also carries four 
disc wheels loosely fitted, tho peripheries of these wheels bear numbers, and aro rimmed. The 
rims are toothed or notched, and upon one side of the rim of the first wheel are notches cut so that 
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at each revolution the star wheel engages into them, and causes the first wheel to be carried forward 
one unit. Parallel to the main spindle is a second spindle carrying three wheels of eight teeth, 
each, every alternate tooth being of only half the width of the other four. These three wheels 
serve to connect, at the proper number of revolutions, the disc wheels on the main spindle so as to 



rocord tens, hundreds, and thousands, and this they effect by locking the two disc wheels together, 
by one of tho four teeth of full width. For this purpose, a single notch is provided on the other 
side of each disc wheel, with two pin-toeth, raised sufficiently to come into contact with and move 
the half-width tooth of the locking wheel. The 20 . 

numbers on tho rira are presented opposite to a 

face plate, which forms with a glass cover one end ^ 

of tho cylindrical case. The instrument records , J5 

to within a unit of ten thousand. ( | ° | 

Another form of pocket counter has been intro- 21 * 
ducod from Franco by John Browning, of London, 
and is shown in Figs. 20 to 24. It has the excep- 
tional advantage that it can be instantly set back 
to zero. On this account, and because the instru- 
ment has a separate set of figures for forward 
and hackw.ird motions, the number of revolu- 
tions made by a piece of machinery can be read 
off without making a subtraction sum. In addi- 
tion to the steel bitts A and B, Figs. 21 and 22, 
usually employed to communicate the motion of 
an axle to the counter, a little boxwood wheel 0, 

Fig. 23, accompanies the counter. This wheel is 
one-tonth of a yard in circumference, and can be 
employed to measure the forward motion of a 
pulley-band, and for similar purposes. A punch 
D, Fig. 24, is occasionally required to make a 2 2. 
small hole in an axle to receive the steel bitt ; 
and if a silk thread measuring exactly the longth 
of the pendulum be attached to the punch as a 
bob, each oscillation marks a second, and by this 
means a minute can be counted with much greater 
accuracy than by a watch unprovided with a 
second-hand. 

The Slide Buie. — Slide rules are a purely scien- 
tific extension of the common abacus ; they are 
constructed for various kinds of calculation occur- 
ring in special businesses, as well as to aid in the 
ordinary labour of multiplication, division, pro- 
portion, and the finding of roots and powers of 
numbers. The timber merchant, the carpenter, 
and the gauger have rules divided to answer their 
special requirements, but all of these rules are 
based upon the same principle as the common 
slide rule. We shall therefore describe only tho 
common slide rule. 

Many very comprehensive works have been 
published on the use of this instrument, which 
include a number of arbitrary rules, far too nume- 
rous to be committed to memory, and entailing 
more labour to be understood than would be involved in the study of logarithms, so far as to 
enable the student to become independent of rules, and to work from the main principles. A table 
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of logarithms enables os to do numerically what the slide rule accomplishes mechanically ; 
for instance, the addition of logarithms is performed on the rule by tho addition of two lengths, by 
the placing of the beginning of the slide at one number, and observing the sum indicated by tbo 
position of the other number. 

The common slide rule usually consists of an ivory or boxwood base which is grooved down the 
centre, and in tho groove is fitted a slide, the face of which is Hush with the face of the body or 
base. There are thus four lines rendered available, namely, the two edges of the slide and the two 

fA 

edges of the groove. “Wo will designate these lines, as is usual, by tho letters A and D will 

ID 

then be the upper and lower lines on the body of tho rule, and B and C tho upper and lower linos 
on the slide. 

The line A. — This line is usually divided into two radii. 

A radius consists of a line, the length of which is determined by the length of the rule, divided 
into 1000 parts, but on the rule tho figures between 1 and 10 appear at those divisions which mark 
the numbers corresponding to tho logarithms of 2, 3, 4, and so on. Thus, 1 commences tho scale, 
2 appears at 301 divisions, 3 at 477 divisions, 4 at 602 divisions, 5 at 699 divisions, 6 at 778 
divisions of the scale, and so on ; and the intermediate divisions appear at tho places corresponding 
to the logarithms of the intermediate numbers. These lines nro then divided logarithmically, the 
divisions bearing the natural numbers being at distances from 1 determined by the logarithms of 
those numbers. 

The line B is a duplicate of the line A, and the lino C is generally also a duplicate. 

The line D in tho common rules is generally composed of a single radius continued through the 
entire length of the rule, that is, the divisions on D are double the length of those on A, B, and O. 
C is generally termed the line of squares, and D the line of square roots , because there are twice as 
many divisions on C as there aro on D, or, in other words, the logarithms on O are twice 
the logarithms on D. Therefore when 1 on D coincides witli 1 on O, the numbers on D coincident 
with those on C are the squ tre roots of those on C, and conversely the numbers on C coincident 
with thoso on D are the powers of thoRe on D. 

Addition and Subtraction cannot 1)0 porformed by the slide rule, which is a help to calculation only 
in so far as logarithms are an aid. 

Multiplication is performed on the slide rule by tho addition of logarithmic lengths, tho logarithmic 
sum or numerical products being obtained by the 1 on B being set below tho j muHiplicaiid} m 

tho product appearing on A immediately above the j on The setting out of tho 

slido thus is in fact merely adding a given logarithmic length on B to a given logarithmic length 
on A, whence at the sum of the lengths on A the product appears. To those to whom tho 
elementary principles of logarithmic calculation are known, tho explanation will be evident. 

division is merely the operation of multiplication performed backwards; instead of adding 
logarithmic lengths, tho logarithmic length representing the dividend, corresponding to tho product 
in multiplication, has subtracted from it tho logarithmic length of tho divisor, the remainder being 
the logarithmic length of the quotient. This is uctually performed on the rule by taking tho 
dividend on A, beneath which is sot on B the divisor, and tho quotient appears on A above 1 on 
B. That is, tho logarithmic length represented on B by tho length betweon 1 and the divisor 
is reckoned backwards, or subtracted, instead of being reckoned forward, or added, as in 
multiplication. 

Proportion . — A given ratio of logarithmic lengths boing set up between tho linos A and B, by 
shifting tho slide as required, that ratio obtains for all numbers on the two linos. Thus if 2 on B 
be set under 1 on A, the four will appear under 2, tho 10 under 5, and so on. 

bVactions are thus easily reducible to their lowest approximate or actual terms by tho slide rule. 

The secret of success with the slido rub*, as regards quickness and accuracy in manipulation, lies 
not only in understanding the principles of logarithms which underlie its use, but also in a careful 
consideration of the value of the numeration, as the figures may appear in the first or the second 
radius. This is easily explained as follows ; — It will be clear that if tho 1 at tho commencement 
of tho rule and first radius be taken to represent unity, the I at tho commencement of the second 
radius will represent 10, and the 1 at tho end of the second or commencement of a third radius will 
represent 100. If the latter be taken to represent 1, the second radius will represent tenths, ami 
the first hundredths ,* and in like mannor the value of the 1 at the commencement of the socoml 
radius, will be ten times that at the commencement of the first radius, and the one at the end of the 
second radius 10 times that at the commencement. 

The foregoing description, although short, contains sufficient to enable the student to perform 
all common calculations. Where constants aro employed these will appear either as multipliers or 
divisors, and should be selected for placing on tho slides A or B, so as to require as few os possible 
movements of the slide. 

Very many forms of slido rules have been devised. To obtain great length with compactness 
slide rules have been constructed circular, or the slide lias been made a helix working upon 
a cylinder, or tho slido and the body have been replaced by two steel tapes drawn from a case, as in 
measuring tapes. 

The common slido rule constructed as described fails in readily affording means of ascertaining 
other roots than the square loot and its derivatives. To obviate this the writer devised a 
modification, which is made by Aston and Marnier, of London, and in which the lino D is 
transferred to the place of tho line O, and has substituted for it a line of equal parts, that is, a line 
of 1000 equal divisions. Tho nth root of a number being required, the number is found on the line 
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O, and the number coincident on the line D of equal parts gives the logarithm of this number. The 
nth part of this logarithm having been found by means or the lines A and B, alwve this nth part, 
taken on the line of equal parts, will be found the root required. 

Considering the small amount of labour involved, it is to bo regretted that the use of the slide 
rule is not more generally adopted. The calculations made by its aid are sufficiently accurate for 
most engineering work of a practical kind. The co-efficient of discharge in hydraulio measure- 
ments cannot be approximated within 10 per oent. under ordinary conditions ; the specific weight of 
iron varies 3 to 4 per oent. ; the breaking strain of iron admits of errors of at least 
f> per cent. ; and in electrical calculations the writer has seen twice the amount of 25. 
work obtained by a testing-room corps employing the slide rule instead of a table 
of logarithms. For commercial calculations the slide rule is not so well adapted, 
but it has met with extensive use in many colliery offices, for tho purpose of check- 
ing calculations for wages. 

Tho ordinary slide rule, the scale of which is one foot in length, admits 
of obtaining correct solutions to within one two-hundredth part of the whole. But 
Professor George Fuller has designed a spiral slide rule giving solutions within 
one ten-thousandth part of tho whole. A slide rule to be efficient, so that calcula- 
tions may be made by it with case and rapidity, and practically correct results 
obtainod, should have the logarithmic scale of such length, that the space between 
any two consecutive numbers is large enough to be easily distinguished by the 
unaided eye ; the scale should bo read by indices, and not as in the present rules ; 
and the number of divisions should be so great and distinctly marked, that the 
result to be obtained may be oasily read and practically correct. This combination, 
it is believed, is attained in tho spiral slide rule. This rule, Fig. 25, consists of a 
cylinder d t that can be moved up and down upon, and turned round, an axis f, 
which is held by a handle e. Upon this cylinder is wound in a spiral a single 
logarithmic scale. Fixed to the handle is an index b. Two other indices, c and a, 
whoso distance apart is the axial length of the complete spiral, are fixod to the 
cylinder g. This cylinder slides in f like a tolescopo tube, and thus enables tho 
operator to place these indices in any required position relative to d. Two stops, 
one not shown in the Fig., and one at p , are so fixed that when they arc hrought in 
contact, the index 6 points to the commencement of the scale, n and m are two 
scales, tho one on tho piece carrying the movable indices, the other on the cylinder d. 

It will at once he seen that by this arrangement the logarithmic scale can be 
made of great length, and tho instrument kept of a convenient size for use. It 
requires only one logarithmic scale, bo that every inch of tho spiral scale is equi- 
valent to two of the ordinary straight rulo. The scale is made 500 in. long, and is 
therefore equivalent to a straight rule, S3 ft. 4 in. long. This allows of results being 
obtained to one ten-tliousandth part of the whole ; and to produce an error of ono part 
in 200 there must he, either in setting or reading, an error of ono and one-tenth inch. 

Cycloscopc . — If a number of dots at equal intervals aro viewed in a mirror, or 
through a lens attached to a tuning-fork, then, in virtue of the retention of images on tlic retina, 
the dots will appear as straight lines when tho foik is set in vibration. If motion is given to (lie 
dots at right angles to the direction of their images, the two combined rectilinear motions produce 
the nppt arance of a sinuous line, or wave form. The height of this wave will depend on the 
amplitude of vilnation of tho fork, while tho wavo length will depend on tho relation of the speed 
of tho dots to the period of the fork. If certain ratios obtain between tho velocity of tho dots and 
the period of tho fork, the waves will bo stationary. If the velocity of the dots is slightly greater 
or less, the wave will be the same in form , 

as that which the exact ratio would give, | a. 20 . 

but it will have a slow progressive mol ion. 

This progressive motion will bo in tho 
same direction as that in which the dots 
move if their velocity is too groat, and in 
the reverse direction if it is too small. If 
the velocity of the dots is such that tho 
time occupied by each dot in passing over 
the interval between two adjacent dots, 
is exactly equal to the period of one com- 
plete vibration, a single stationary wave 
is produced. If two intervals aro traversed 
in the same time, a compound double wave 
will be obtained. More complex forms 
may be produced. By varying the velo- 
city of the dots, other waves can be ob- 
tained of the same form but of different 
lengths. Thus if two complete vibrations 
take place in the time of passing of a dot 
over one interval, a new single wave is pro- 
duced. It remains to show how the above principles can be utilized. A practical difficulty arises, 
however, in placing a series of dots round a drum, for instance, with a fork or reed vibrating sixty 
times a second, the perimeter of the drum would have to be divided into 342*8571 intervals. If, 
instead of dots, equidistant lines are placed round a drum, parallel to its axis, and are observed 
through a slit attached to a fork, or reed, similar waves to those described are formed. A piece of 
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paper is prepared by ruling lines as in Fig. 26, which all converge in a poiut o, and pass through 
equidistant points on the line a 6, and a rectangular portion, cdef, is cut out, the size of the latter 
being just sufficient to wrap round the drum. Those lines, when viewed through the slit, act as an 
infinite series of dots equidistant, in each series. Thus, if the convergent lines are so drawn, that 
their intervals once are such as to suit the maximum velocity Y, and tho intervals on df, the 
minimum velocity v to be measured, then between c e and d f there will be positions which will 
give stationary waves for every velocity between Y and t>. Moreover, equal distances along the 
drum correspond to equal differences of velocities ; thus, if V is sixty, and v twenty rotations a 
minute, tho positions corresponding to velocities of 50, 40, and 30 will be found by simply dividing 
c d into four equal parts, and by further subdivision the positions corresponding to all velocities 
between Y and v can be obtained. 

In tho Cycloscope, as at present constructed, a box a, Figs. 27 and 28, showing elevation and 
plan, containing a reed, to the tongue of which a pieco of very thin zinc, with a fine slit, has been 
soldered, traverses on a slide in front of a drum carrying paper, ruled as described. Motion is 


given by a hand-wheel 6, to a pinion c on 
the same axis, the pinion goaring into a 
rack attached to tho slide d. A pointer p, 
attachod to the reed-box, indicates on a 
scale ss the speed corresponding to any 
position of the reed-box. A vernier might 
be employed in plnce of the pointer p } by 
which the primary divisions could bo sub- 
divided into ten or a hundred parts. To 
make the waves more clearly visible, two 
small lenses c e are employed, fixed in tho 
front and back of the ree<i-box. Tho lens 
on tho back of tho box throws an imngo 
of the lines on the slit ; that in front mag- 
nifies this image, and thus parallax is 
avoided. In tho early experiments, it was 



found difficult to keep up a sufficient 

supply of air to the reed, without a con- ^ ^ * 

sidorable pumping powor and large con- ~ — 

ducting tubes. By tho utilization of tho 

principio of tho injector, or jet pump, this ^ . s f # ' 

difficulty has been entirely removed. Tho r _ * i t [ ° Ij 

air is supplied through a small flexible H' j * ^ 7 

indiaruhber tube from a pair of foot-bellows. jl i ! » Jl / 

This tube terminates in n small glass tube, \ J 1 — i J 

drawn out to leave a narrow jet 1} mm. in ^ 

diameter. This fine jet is passed through IIHJ ~ ~T 

a cork, fitted into a wide brass tube fixed * 

into the lower part of the back of the reed- ^ ^ ^ j 

box. Tho lower part of tho brass tube is C " ZZ XL , J 

out away b> allow free access to the sur- 

roundin*g air. Air, of pressure about equal .sfiTmnTTfnmniifinrnm 

to a column of water 20 or 25 cm. in ‘ — % — * 

height, is forced through the jut, and the 

reed vibrates perfectly, tho mean pressure of air in tho roed-box being only about equal to a 
column of water l|mra. in height. The graduation of the scale should l>e performed after tho 
paper is mounted on tho drum. Tho latter may be conveniently arranged, so that the centre lino 
no , Fig. 26, falls opposite the junction. The lines must now ho counted round at any two inter- 
sections, and the ponod of the reed, sixty complete vibrations a second, being known, tho velocities 
which are required to produce stationary waves at these two positions can be readily calculated. 
Two divisions on the scale being thus obtained, the remaining divisions are found by subdivision. 

To make a reading it will be necessary to start the reed and to move the hand- wheel 6, until a 
stationary double wave is seen through tho lenses ee\ the pointer will then indicate the spetd 
of the drum. It has so far been assumed that the period of a fork or reed is absolutely constant. 
This is not the case, as the fork varies slightly with temperature, vibrating moro slowly as tlio 
metal becomes warmer. In somo experiments mado with tuning forks a loss *011 per cent. 
I>er 1° C. was observed. This would bo too small to affect tho valuo of tho instrument for prac- 
tical purposes, while, if it were employed for delicate investigations, a correction could readily 
l>e applied. Some interesting experiments have been mado with discs on tho principle of tho 
thaumatrope. If a disc provided with radial slits is driven at a constant speed by clockwork, 
in front of another disc driven from any machine and provided with a ring of dots, and if N ami 
n are the number of rotations of tho clock disc and tho other disc a minuto respectively, S, the 

number of slits, d, the number of dots ; then when g- = j , d dots will be visible and stationary. 


Thus S and N being given or assumed, d can be obtained for any assigned value of n. If the 
machine disc is running a little too fast for the above equation, the dots will appear to move slowly 
in the same direction as this disc ; if too slow, they will move in the opposite direction. To all 
oases where it is necessary to study carefully the working of a machine, the method of the Cyclo 
scopo can be applied with advantage, whilo its great, elasticity permits it to be adapted to high or low 
speeds, long or short ranges of velocity, heavy engine machinery, or light clockwork with equal facility. 
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AGRICULTURAL IMPLEMENTS. 

Ploughs . — A plough has to perform three principal functions ; — To out the earth in a vertical 
plane, forming one of the faoes of the band of earth to be raised. To make a horizontal cut so as 
to isolate this band of earth. To turn over the band thus detached, in order to expose the freshly 
cut surfaces. 

To those three principal functions correspond three espeoial and essential parts of the plough’s 
mechanism, namely, the ooulter, the share, and the mould-board. The mould-board, as the term 
would indicate, was formerly of wood. It was first made of iron in 17(54 by Small, of Berwick- 
shire, Scotland. The other parts of the plough are accessory to these acting parts, and consist of 
the beam, with or without wheels, by which it is drawn, and the handles by which it is guided. 
In England ploughs are divided into two classes —swing ploughs which are without wheels, and 
wheel ploughs whioh have wheels before the ooulter for the purposo of guiding. The coulter has 
been constructed as a cutting wheel in advance. 

The following are the chief points to be attended to in the construction and management of a 
plough ; — The coulter and share should be sharp, clean, and tapering. The mould-board designed 
to raise and turn the furrow-slice with as little friction as possible. The beam arranged so that the 
team may all pull in the line of draught, which should bo stiaight angles to the horses* front. The 
land side, or part that in some ploughs presses against the unploughcd ground und Bervos to steady 
the plough, should be parallel to the draught line. The angular presentation of the coulter should 
be 45°, which is also the angle at whioh the furrow-slice should be laid over. The depth and width 
of the furrow-slice should bo as 2 : 3. 

Figs. 29 to 33 represent different modes of turning furrows adopted in various soils. 




Fig. 29 illustrates the 
perfectly rectangular furrow 
with the bed level ; Fig. 30 
is of a crested furrow; Fig. 31 
a completely inverted fur- 
row-slice ; Fig. 32 shows the 
effect of ordinary plough- 
ing, here the furrow-slioe U 
broken; Fig. 33 is of the 
results of extra wide plough- 
ing, and has a broken furrow. 

All good constructors 
agree in placing the point of 
the ooulter in advance, giving 
to it an angle of about 30° 
to 85° with the vertical, so that in encountering an obstacle it may tend to raise the latter from 
its path with the least possible resistance ; the greater tbe inclination of the coulter the more 
the plough tends to enter the earth, and this gives to the plough greater stability during its pro- 
gress. This explains why ploughmen prefer a straight coulter to one that is convex, which tends 
to threw itself out of the earth ; for similar reasons a concave ooulter is to be avoided. .The section 
of a coulter through a plane perpendicular to its length presents the form of a triangle, the two 

longest sides of which include a very acute — 1a T ® r ' 11 — ™ 1A — * 

ance are about 12} in. to 12| in. long, f in 
to the cut near the point, and £ in. to -J-* in. 
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increased with the length of the coulter and with the resistance of the soil. It is preferable to give 
the coulter a most simple form, such as that of a rectangle terminated by a curved point, increasing 
the depth of the plate proportionally to the effort to be supported by the different parts of the 
pieoe. If the coulter were independent of other pieces of the plough, and had merely to cut homo- 
geneous earth which closed after its passage, it is clear that the line bisecting the angle of the two 
forces of the coulter should be that of the direction of movement, but the ooulter does not act under 
these conditions. The band of earth detached is pushed towards the right by the other parts of the 
plough, and exerts much less pressure on the right face of the coulter than does the firm earth on 
the left. For this reason the cutting plane of the ohulter is parallel to the plane of the body of the 
plough. In ordinary ploughs the point of the coulter is placed slightly above the point of the share, 
in order that the share may equally support the weight of the band of earth, and afford equal pressure 
in the effort to raise the furrow-slice. These details show that the position of the ooulter should be 
accurately regulated, and explain the necessity of fixing it by mechanical means susceptible of some- 
what fine adjustment, recognized in ancient ploughs in spite of their otherwise rough appearance. 
It is not here necessary to refer to the different means adoptod to oonneot tho coulter to the beam. 

The share is even a more important part of the plough than the ooulter. The share acts so as to 
cut the soil horizontally and continuously, and from tills point of view its functions, save in the 
direction of its work, is the same as that of the ooulter. The reasons given to justify the oblique 
direction of the coulter relatively to the line of movement apply more strongly to the share. Indeed, 
by the best constructors the straight form of share is adopted. The cutting angle of tho share with 
the draught line varies little in the various ploughs. Tho ratio of the greatest width of the Bhare to 
its length is ordinarily comprised between 1 to 3. The width of the share measured porpondicularly 
to tho line of draught, that is to say the length of the sections practically under the soil, should in 
principle be precisely equal to the width of the band of earth or furrow-slice, and this is very nearly 
the dimensions adopted on the Continent, whilst English makers give generally loss width to their 
shares. The shares of old ploughs are of c hilled iron as to the cuttor. Their form approaches that 
of a right-angled triangle, of which the hypofchenuse forms the cutter, and of which tho long side of 
the right triangle foi ms a ki nd of plate, by which it is fixoil to the mould-board by bolts or rivets. Steel 
Bhares are, however, now generally employed, but chilled-iron shares have given excellent results. 
Shares should be cost with care from bronze models, in order that they may always be interchangeable. 

Figs. 34 to 43 are various forms of shares. Figs. 34 and 35 are for wide and deep work respec- 
tively. Fig. 36 is adapted for stony land. Fig. 37 is for crested work, Fig. 38 for work cut square. 



Fig. 89 is a skim-coulter. Fig. 40 
is for subsoiling, Fig. 4 1 for ridging, 

Fig. 42 for setting out, and Fig. 43 
for waring down sidework. 

The object of the mould-board 
is to raise and turn over the furrow- 
slice detached by the combined ac- 
tion of the ooulter and the share. 

This movement is completed in the 
length of the mould-board. The 
geometric form of this essential por- 
tion of the plough has received great study at the hands of mathematicians. Jefferson proposed to 
give the form of the hyperbolic paraboloid ; Lambruschini, Bidolfl, and Gasparin prefer tho form 
of the helicoid having for directrix the horizontal line, and for second directrix a quarter turn 
of a helix, of which thiB line would be the axis. But it is evident that the best form of mould- 
board will be determined to a great extent by the nature of the soil, and is not susceptible of 
purely mathematical calculation. The most practical view to be obtained on this subject will arise 
from the consideration of the furrow-slice as being under torsion. If this torsion be too great or 
the curve of torsion too sharp and abrupt, the furrow-slice will be broken ; if it be not sharp 
enough, the plough will experience unnecessary resistance. The mean between these extremes 
will depend entirely upon the consistency of the soil, because a short torsion that would quickly 
throw aside a olayey soil of great cohesive power would completely break up a less coherent sandy 
soil. Thus a fair companion of two ploughs requires a profound knowledge of practical cultivation. 

Regulator , — In order to regulate the depth to which the share shall enter, there is applied to the 

c 
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beam of the plough in several ways, most simply by a mortice and pin, a vertical bar, to which is 
attached a shoe or a wheel. In swing ploughs a shoe is employed, which, bearing upon the 
unworked earth, aids the ploughman in maintaining an even depth. In wheel ploughs this shoe 
is replaced by a wheel or by two wheels, one of which runs on the un worked soil, and the other in 
the last-made furrow. The means of adjusting these applianoes for regulating the depth of the 
fturow are very numerous, but are easily understood upon inspection. 

Plough Bridle , Mufie , Cook . or Clems . — This is the stirrup-shaped piece to which the horses* gear 
is attached for the draught or the plough, situated at the front extremity of the beam. It is pro- 
vided with holes or indents for the regulating of the draught line with regard to depth and direction 
of the farrow. 

Plough Truck or Carriage. — This is a frame mounted on wheels, sometimes provided for the 
carriage of the plough over stony roads, or plaoes where the share and coulter are likely to be mjured. 

Plough Cleaner.— & kind of fork or spud attached to a long handle, with which the ploughman 
can detach weeds from the share without leaving the handle of the plough. 

Hornsby's single and double ploughs consist of a wooden beam with a steel or iron plate on 
either side, secured to it by through bolts. The slade or slipe and coulter are set towards the 



47 . 


central line of the beam, and the upper parts of the stems are ourved to allow of their coming to 
and resting against the outer side of the beam. This f arrangement gives great clearance for 
manure and grass or weeds to get away, and whatever passes back over the rear end of the mould- 
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board drops clear away into the bottom of the furrow behind it. The fastenings which attach the 
plough-body and ooulter to the beam can also for this reason be brought closer together, and as 
the beam is capable of resisting a great strain, the points of the coultor and share always remain 
approximately opposite one another, whatever strain may be put upon the plough-handles. In 
double ploughs the additional beam for carrying the Becond plodgh is formed of trough iron. 
This additional beam is carried by two bolts, each having a broad collar to bear against the iron 
or steel plate of the main beam. The small number of bolts gives groat facility for shifting the 
beam towards or away from the main beam, and again securing it according to the width of the 
furrow required. Figs. 44 and 45 are elevation and plan of a single-furrow plough ; Figs. 46 and 
47 of a double-furrow plough. 

Howard and Bousneld, of Bodford, have constructed a plough which can bo oonvertod into a 
double plough when desired, and in which every attompt has boon made to secure lightness with 
rigidity. Fig. 48 is a plan of a single plough, Fig. 49 illustrates the conversion into a double plough, 



Fig. 50 is a side elevation A A are taper bars of stool, between which distance-pieces B, B 1 , B 2 , and 
B* of cast iron are sot. The distance-piece B at the head of the Ik am soms for adjusting the 
draught hake. In corn ei ting the double plough, Fig 40, into a single plough, Fig. 48, tho slide d“ 
is removed fiom its socket in the forward end of the beam, and sit back in tho position of tho 
slide d\ of Fig. 49, the slide d l being rigidly attached to the b< am I), and removable together 
with that beam. Tho slide </*, carrying tho furrow wheel when inserted into tho backward 
socket, receives the standard qf tho land wheel. To facilitato the adjustment of the wheels 
in respect of depth and ensure rigidity of the wheel fastenings, an arrangement is adopted which 
gives the ploughman two moans for regulating the depth of the ploughing. The wheel standard 
passes through the wheel slide F, to which it may be secured, it desired, by a loop and binding 
nut. When, however, this nut is slack, the standard will be freo to move up or down m the slide. 
This is so far the ordinary modo of adjusting the depth of the wheel ; and to provide additional moans 
of adjustment, a hole is tapped in tho slide to receive a screw G, that is mounted in bearings 
carried by the wheel standard. The head of this screw is fitted with a handle < 7 , by turning 
which the screw is caused to raise or lower tho standard in the slide and adjust tho wheel to Hie 
required depth. Prevision is thus made against failure of the vertical screws, aud necessary 
rigidity given to the wheel standards, independently of tho vertical screws during hard work or 
when the mortices have become worn. 

An improved form of drainage plough introduced by Cupaidge is illustrated in Figs. 51 to 53. 
The ploughshare A has attached to its under side a flat sole-plate B, extending some distaneo 
beyond it in the rear, and on the nose of the ploughshare is fitted the socket of the surface sock 
0 , which has three or more notches, c, c 1 , c 2 , in its front edge, tho notch c being vertically under 

0 2 
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the draw bar D, while e* and o* are at any required distance to either ride. On the draw bar D is 
a socket or eye tf, in which is secured the neck of a coulter-blade E. For making a vertical cat in 
the soil, a coulter-blade is employed, having a straight neck and fitting with its back edge into the 
notch o of the sock. The blade E is adjustable vertically in the socket d, so as to cut the 


62 . 53 . 




furrow to any required depth in the soil. If it is desired to cut a Y-groovo or a drain in the soil, 
this is effected by first fitting to the plough a sock with oblique neck, so as to extend obliquely, 
say, to the right, fitting into notch c* of the sock, and after forming a corresponding oblique out 
therewith, a coulter is introduced extending obliquely to the left and fitting into the notch c 1 of the 
sock. In the holes c 5 of the sock are fitted scribe pins. When it is desired to undercut or make 
lateral incisions in the cutting, a coulter blade is employed, Fig. 53, having two lateral blades ff 
at its lowest extremity. By removing the surface sock, putting on the ordinary ploughing sock, 
and raising the coulter-blade, as in the ordinary plough, the implement may be used as a sub- 
soiling plough. 

The Mechanical Work expended in the Use of the Plough . — The following condensed table gives 
the results of a series of trials made with different kinds of ploughs under the auspices of the Royal 
Agricultural Society of England at Hull in 1873 : — 

Work expended in the Use op Ploughs. 


Class and Description. 


Weight of No. of 
Plough. Horses. 


Dimensions of Furrow 
in Inches. 


irunuYv Foot _ lbs . of 

!!: Work done 

pec lb. of 

Depth. Earth raised. 



Weight of 
EaTth 
disturbed 
per Yard run, 
in lbs. 

Draught 
in lbs. 

96* 

414 

101* 

545 

95*01 * 

424-7 

175-5 

764 

174-7 

802 

113-8 

482 

108-5 

567 

106-7 

565 

113-0 

629 

103*2 

556 

118*6 

520 

115-9 

565 

186-6 

704 

205-9 

853 

181-6 

768 

201-0 

708 

182-9 

816 

216-1 

1053 

239-1 

1001 

224*0 

996 

116*0 

669 
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All these ploughs were tried on a field of second year’s seeds, the soil being very dry and hard. 
Of the work expended by the several parts of the plough, the following deduced from M. Gas* 
par in’s calculation will afford an idea : — 


Resistance of the coulter .. .. 48*8 

Resistance of the share 85*4 

Friction of the mould- board 10*5 

Raising of the earth by the mould-board 14*7 

Friction due to plough .. 37*0 

Total traction 106 4 


Steam Cultivation . — Having given some account of the work expended in the cultivation of 
land by the ordinary horse plough, it may be interesting to record some of the data obtained 
at the elaborate series of trials of systems of steam cultivation, undertaken by the Royal 
Agricultural Society of England, at Wolverhampton, in 1871. We shall limit the observations 
to the systems introduced respectively by the Ravensthorpe’ Company, the Fisken high-speed 
system, Messrs. Fowlers and Messrs. Howard’s systems. With the Fisken high-speed system 
the indicated work of engine in foot-lbs. per lb. of earth removed, the mean was 22*9 foot-lbs.; 
the average foot-lbs. of work per lb. of earth moved by Howard’s system was 21*8, which closely 
agreed with the number for Messrs. Fowler’s system. These three systems ore all “ round-about ” 
systems. The work expended per acre stands iu the following order : — 


The Fisken high-speed system .. .. 22*1 foot-lbs. 

J. Fowler & Co.’s system 20*4 „ 

Howard’s system 16*7 „ 


From these trials n singular and unexpected fact appears deducible, namely, that tho absolute 
work in foot-lbs., necessary to cultivate the land, does not depend materially upon the speed at 
which it is worked ; that is, that the coal and water consumed per acre will be the same if the 
implement travels fast or slowly. Comparing the resistance of ploughs, diggers, and cultivators 
respectively on light and heavy land, it is found, on taking averages from all tho trials, that the 

At Stafford. 


At Bamliurst. 

Averago foot-lbs. of work indicated per lb. of\ 

earth dug or ploughed j * “ 

Average foot-lbs. of work indicated per lb. ofl 
earth cultivated / 


15*2 


21*7 

20*3 


Jh us showing that the change from light to heavy land increased the resistance 28 per cent., and 
'hat the diggers and ploughs consumed about 10 percent, more power than tho avorage of cultivators 
exhibited. It further appears that ploughing requires rather less power than digging. In theso 
trials it maybe taken that the average consumption of coal was 161 lbs. per aero, and that of water 
115 gallons per acre. The average consumption of water per lb. of coal was 7*2 lbs., and that 
of coal 7 * 1 lbs. per mean indicated horse-power per hour. Tho 
weight of earth moved per lb. of coal was 9*3 tons. 

Tho following is a description of Fisken’s system of sham 
cultivation. A traction engine is employed to travel along the 
headland of tho field, and a self-moving anchor is used at the 
opposite headland with a lightened anchor placed in rear of the 
engine. An endless steel-wire rope passes from tho hauling 
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sheave on the engine to the sheaves on the distant and \ 
tightening anchors, the tightening anchor being used to \ 
give the hauling rope proper tension. * Fig. 54 is this 
arrangement in diagram, the cultivator being attached \ 

to the hauling rope. The clip-sheave, or grooved sheave, 6 

for hauling the endless rope, is placed vertically on the engine, 
and is driven by a pinion on the crank-shaft, but this clip can be 
placed either on the intermediate shaft, or on the travelling shaft 
of the traction engine. A, Fig. 54, is the traction engine travelling 
along the headland of the field ; B, the anchor travelling on the 
opposite headland ; O C, the hauling rope passing from the engine 
to the travelling anchor, and back to a guide pulley on the engine ; thence round the sheave on 
the tightening anchor D, and back to the engine. E is the cultivator, capable of working in oppo- 
site directions without reversal of the direction of the traverse of the hauling rope. From the dip- 
sheave o, on the engine, tho rope passes round a guide pulley, a 1 , hung on the engine, thence along 
the line of furrows to the sheave 6, on the anchor B on the opposite headland, returning along the 
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line of farrows to a loose pulley, a*, on the axle of thepulley o', round the sheave d of the tightening 
anchor D to the main olip-sheave a on the engine. For attaching the hauling rope to the culti vator, 
there is fixed to the main hauling rod or pin e of the tilling implement a double-jawed longl* 
tudinal clip F, Figs. 55 and 56, for receiving and gripping the endless rope. This clip is formed of a 
fixed plate /, and two movablo plates, f *, /*, which constitute the gripping jaws. The raovablo 
lates are hinged to the fixed plate and are acted on by tho tightening screw/ 3 , which is worked 
y the ploughman by means of a hand- 
wheel / 4 , the axle of which is fittod 
with a worm and wheel, /*, /°. That 
part of tho hauling rope C, which 
passes to and from the anchor B, is 
gripped by tho clip F, longitudinal 
grooves being made in the gripping 
surfaces for that purpose. To ensure 
the gripping of tho ropo the halt- 
grooves are made with undulations. 

When tho ploughman turns the tight- 
ening sciew in one direction, the lead- 
ing rope will bo gripped and tho 
traverse of the implement will bo 
towards tho anchor; when he reverses 
the direction of tho tightening scrow, 
tho return rope will do gripped and 
tho im piemen fc caused to traverse in 
the opposite direction. The ongino is 
moved along the headland tho re- 
quired distance by the driver at each 
tout Tile anchor on tho oppoaifo 
headland is also hauled forward at 
each bout by means of winding gear 
acting on a ropo fixed ahead of tho 
anchor, the winding gear being put 
ill motion by the endless lope sheavo 
on the anchor. For tho purposo of 
regulating tho distance which tho 66. 

nnclior is to move, tho clutch on the 

travelling anchor 13, by which the axle of tho sheavo I> is connected to tho winding gear, is acted 
on by a lover II, Fig. 54, to throw it out of gear and arrest the progress of tho anchor. This 
lever has its full run on tho axle of tho clutch, and its free end projects landwards and is prolonged 
so far that the end of the lever will move ovi r a space equal to the distance the anchor has to move 
at a bout ; this requires the lover to move over, say oue-third of a circle, more or loss. To the 
outer end of this lever a cord is attached, which is connected witli a weight in tho renr of the 
anchor, for the puipose of putting a drag upon tho lever as tho anchor moves forward. When tho 
implement lias completed a bout and it is desired to advance the anchor, tho ploughman will move 
forward tho drag weight by means of the lever to tho distance required for the next traverse of the 
anchor. This forward motion of the lever re-engages the clutch, and the anchor then moves for- 
ward until the drag of the weight causes tho lever to ascend the cam and again lift the clutch out 
of action. When a portable engine is employed, then a second solf-moviug anchor is u ed on tho 
same headland as the portable engine, the two guide pulleys required before on the engine being 
now mounted on this anchor which is in lino with the engine. This latter arrangement requires a 
greater length of stool rope to stretch double all tho length and breadth of the land to be cultivated, 
and the portable ongino must be fitted witli a clip-sheave driven by a pinion on tho crank-shaft. 
The second travelling anchor in this arrangement is to be fitted, like that in Fig. 54, with tho 
weighted lever and cam for throwing the clutch out of action. 

Until the year 187G ordinary steam ploughs were constructed to make furrows of a definite 
width. The depth to which the land is to be ploughed could be varied within certain limits, but 
the width of the furrows or their distance from each other could not be varied, because those parts 
of the implement which cut and turn the furrow, wtro rigidly secured to the frame of the plough 
and at the same lateral distance. To make furrows of a different width a separate plough was 
required. Attempts had certainly been made to render the same plough capable of running 
furrows of different widths by constructing the plough so that the cutting and turning parts could 
be shifted to greater or less distance ; but these ploughs did not give satisfactory work, except 
between very small limits. Fiskon sought to meet this objection by constructing tho frame of 
tho plough, Figs. 57 and 57*, in three parts, bolted together. Figs. 57 and 57* represent a four- 
furrow frame. The cutting and turning paitB of the plough, the coulters, and the skives, which 
latter carry the shares and the mould-boards are secured to the two outer frames ; these frames 
are similar to each other. The middle part of the frame, which is a very costly portiou of a 
plough, thus serves for all kinds of woik, and any kind of agricultural implement used in steam 
cultivation of land can be attached to this frame. 

In 1877 an improved self-moving anchor was introduced by D. Johnson, of Hockley Heath, consist- 
ing, Figs. 58 and 5U, of a metal frame A mounted on the two rear wheels B and the front wheel C. 
w is a broad cutting coulter at the rear end of tho frame to support the anchor against the side pull 
of the rope upon it. This coulter D is supported by a vortical shaft <7, which carries the pulley E, 
around which the traction rope i passes. The coulter-shaft d is held firmly by the stay F fixed to tho 
auohor-frame. At the front of the frame A is a second coulter J, for guiding the anchor along the 
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side of the field. The second oonlter J is adjusted and fixed on a quadrant h by a stop pin. At 
the rear of the steering or guiding coulter J is a jointed stop and drawing foot G, turning on a joint 
at g, on the frame A. By means of this foot the anchor is fixed in its position during work. 



During the normal working of the apparatus, that is, when tho anchor is required to be stationary, a 
knot in the rope • does not approach tho drawing foot G, but when it is wished to alter the position 
of the anchor, the reversal of the winding drums or of the windlass at the engine is not effected 
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until the knot bears against and lifts the foot G into the position indicated in dotted lines at H» 
Fig* 58. The anchor being thus released, the farther motion of the traction rope s acting on the foot 
G, moves the anchor to the required position, the lateral holding ooulter D and the guiding coulter 
J* as the anohor is drawn along by the rope* cutting their way through the land. Thus the motion 
of the traction rope is made to release the anchor and move it at the proper times, longitudinally 
down the field towards the traction engine or point of haulage. 

A system of steam cnltivation by John Fowler and 0 o., of Leeds, is described in the first volume 
of this Dictionary ; the following is another system adapted to be worked by an ordinary portable 
or traction engine, and is strong enough to take the power of a 10 -horse-power engine. All loose 
IJW'ts 1 mfk e are dispensed with, and the system can be quickly removed and fixed in posi- 

tion. The plan of working is in one respect different from any proposed. The engine and windlass 
being placed on one headland* the anchors are let down at the two ends of tho same side of the field. 
■*“e rope being pulled out, the work begins at onoe along tho same headland, tho anchors working 
gradually away from the engine. This method of working gives the advantage of having little 
rope to pull out in starting, and dispenses with taking anchors and snatchblocks into remote 
corners of the field ; it also secures perfect coiling, as no slackness is occasioned by the movement 
or the anchors, and every journey ot the implement decreases the quantity of rope on the drums. 



400 j 1 ! u , ia ft P 08 ^ to plough the headlands 

lass by the 1 p5® wKd ItaSSftuStoSf t ta C?^2i °“ 5* to wind- 

men are required toworkthis tackle eapw * tao * le without the assistance of horsos.Two 

The windlass, shown in Figs. 60 to 63 to a very small scale, is constructed on four wrought**. 
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road wheels* The winding apparatus oonsists of two horizontal drums, which, by means of coiling 
par, wind and unwind the wire rope uniformly without any attention. This is done by a self-acting 
lever, which carries two vertical guide pulleys, moving slowly up and down, and freely swinging 
round the drum into any position at which the rope has to work. Thus any undue strain on the rope 
as well as on the apparatus is completely avoided, and all friction of double snatchblooks, &o., entirely 
done away with. The rope pays out from the drum at any angle required by the work without 



snatchblooks or double snatchblocks being necessary, whilst more perfect coiling is secured by the 
coiling gear and the peculiar way of working the tackle, previously described, that in any windlaBS 
hitherto brought out. Tn dispensing with the double snatchblock not only wear and tear of the 
rope is diminished and loss of power avoided, but also a very troublesome item insetting down the 
tackle in a field is entirely obviated. . , 

For the reclamation of waste land the Sutherland plough has been introduced. Tins plough, 
Figs. 64 to 66, constructed by John Fowler and Co., is a framework carried on six wheels or rollers, 
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to either end, and works from either side to suit work in both directions, and is self-acting. The 
coulter is an ecoentrio disc, and works dose to the point of the head, being set to cut an inch or two 
below the sole of the head and share. In this way, when an obstruction iB met, the revolving 
coulter carries the head over the obstruction. The two land-sido rollers or wheels give balance to 
the implement, and assist in carrying it through gullies or other inequalities of the surface. The 
two furrow wheels are intended to assist in completing the turning of the furrow after it leaves the 
mould-board and press it into its position, and otherwise to give balance and guidance to the imple- 
ment. To each end of the frame, which is a strong trussed structuro of malleable iron, is hung, on 
another centre, a huge plough of ordinary construction, with a long beam of groat strength. The 
object of this is to cut a second furrow from below the first one, and to bring the earth to the top. It 
is kept down to its work by a loop lino of wire ropo passing over the plough in connection with the 
tail and pulling rope. The pull for drawing the imph meut is taken through this beam, and when 
required to be reversed the eDgino pulls tho ono plough out of work, while it presses tho other by 
means of the looped line into place. The object of having tho plough hung on a centre kept in its 
woik by means of the pressure of the tail-rope is to give an elasticity to tho working of the imple- 
ment, so as to allow it to rise from obstructions where these cannot be pulled out. The one end 
of the implement is a duplicate of tho other, unless in as far as the one is right and the other left 
handed, the implement working either way without being turned. • 

As balance ploughs wore originally constructed, tho horizontal pivots of tho plough-beam were 
carried by an inner frame, which was itself connected by a vertical axis to an outer or wlieol 
frame, and on which were tho stud-axles for tho main carrying wheels. Tho steering of the 
implement was effected by turning tho wheel frame about the vertical axis, and a handwheel and 
screw were provided for the puiposo. This arrangement was found inconvenient, because tho 
locking of the wheels caused some irregularity in the depth of ploughing. Consequently another 
system was resorted to, in which the inner framo was dispensed with, and tho horizontal pivots on 
which tho plough-beam rocked wero carried upon the same fiamo on which were the stud-axles for 
the carrying wheels, the steering being effected by movement about a vertical axis imparted to 
the stud-axles independently of the wheel frame. This arrangement has again beon found incon- 
venient, for that upon lough land an obstacle in the path of ono of tho wheels iB liablo to causo tho 
whole implement, including tho plough-beam, to be slowed out of its course. Groig, in 1877, 
introduced an arrangement for the steomge of tho implement in a similar manner, hut at tho same 
time providing for the freo play of tho plough-beam alxmt an upright pivot or centre upon tho 
wheel frame, independently altogether of the steerage of the implement. This admits of tho 
plough-beam pursuing its true line of travel, even when an obstacle in tho path of ono of tho wheols 
may causo tho wheel trainc to run untruly. Upon tho lower bar of tho wheel frame is mounted a 
block, so that it may be able to rock about tho bar as an axis ; and upon the block is mountod at 
right angles to the bar a stud or pivot, which enters a socket in tho middle of tho plough-beam. 
The draught rojie iB connected to the plough-beam by draught bars attached to the beam behind 
the wheel frame and below the centre of the wheels, so that tho draught tends to keep the plough- 
bodies down to the work. The eye by which tho diaught ropo is connected to tho di aught bars is 
in fiont of tho wheels, and a guide or Btay in connection with the wheel frame sustains it, and 
keeps it in a central position in respect to the frame, so that when tho wheols are thrown out of 
line by any obstacle tho pull of tho lope acting on this guide or stay immediately straightens them 
again. Figs. 67, 68, and 69, are elevations and a section of this plough, a a is the wheel framo, and 
tho stud-uxes a 1 a 1 of the main wheels bb aie adjustable up and down upon it by means of tho 
screws a 2 . Tho bars a 3 of the wheel frame, on which the blocks currying tho stud-axes slide, are 
square in section and can be turned ; the so arc connected across the frames a, to cause them toinovo 
simultaneously, by the arms a 4 and the bar a 5 . a° is a quadrant fixed on ono of the bars a*, and a 
worm a 7 gears with it. This worm is coupled with tho axes of tho steering wheels. On tho lower 
bar of tho wheel frame a saddle or clip c is mountod ; it is froe to turn uj>on tho bar, and it carries 
at right angles to tho bar the pivot c‘, upon which tho plough-beam d is mounted, and al>out which 
as a centre, it is ablo to turn. Upon tho plough-beam Iho plough-bodies are mounted, as is usual 
in balance ploughs, e c are the draught ropes, connected by the draught bars e l e 1 to the transverse 
bar e 2 , which in turn is coupled by the links e 3 with the plough- beam. / is a guide or stay clipped 
on to the lower bar of tho frame a, and having sockets at each end, through which tho draught 
bars e 1 pans. By these arrangements the plough-beam is free to maintain its direction inde- 
pendently of any irregularity in tho motion of the wheel framo, which, however, cannot slew 
without deflecting the hauling rope from its direct course, so that immediately the obstacle causing 
the irregular motion is passed, the strain on the rope brings the frame round again to its proper 
position. 

Fig. 69* is Knight's steam-power digging machine, specially intended for hop-gardening. Tho 
machine is driven by a rope running over tho three pulleys, A, B, placed on the top of tho 
implement. The implement is impi lied torward and the forks are driven, when required to work, 
simultaneously. The pulley A is the main driving part, tho pulleys B being merely employed to 
give the rope a sufficient grip. Tho power is further communicated by tho wheel D to the main 
axle, a notched pulley E and a pitch-chain. There are three forks hung on as many loops of the 
crank, tho loops being at different angles, as shown by the positions of the forks c a c . The 
upper part of each fork-staff describes a circle with the revolution of the crunk, but as the fork-staff 
is held by an arm one -fourth of its whole length from the bottom, the figure described by the point 
of the fork is not a corresponding circle, but an oval. By throwing tho cairier of the arms forward 
at the top, tho liottom is thrown back, when an oblique instead of a perpendicular thrust is given to 
the forks. With the forks held in tho position of the dotted lines tho depth they would enter the 
soil would of course be less, while the angle at which the spits of soil would be picked would also 
proportionately differ. The forks may be lifted entirely free from the surface, and for this there is 
a handle. 
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G. Greig*s cultivator is intended to be worked by steam power, and consists of one or more series 
of disos mounted upon an axle and free to revolve. The axle or axles are inolined to the line of 
draught, so that the discs when drawn through the land, displace and pulverise the soil. In order 
that the soil may be thrown the same way m whichever direction the implement travels, the axiB 
of the discs is so arranged that it can be 
made to incline in either direction to the 
line of draught, or the discs are mounted on 
eccentrics upon the axis in such manner 
that by turning the axis half-round, the 
required change is made in the inclination 
of the discs. When a furrow wheel is 
employed, the position of the axis on the 
frame is changed when the direction of 
the draught is reversed, so that the leading 
edges of the discs may occupy the same 
positions relatively to the furrow wheel in 


either way of worki 
of discs are 


If several series 
] steering gear may 



be applied, so that the implement may bo 
guided by steering the leading series of 
discs. At other times separate carrying 
wheels can be used in connection with the 
frame of the implement, and steering gear 
in connection with these wheels. 

a a , Figs. 70 and 71, is a rectangular 
frame to which the draught ropes 6 6 are 
attached ; c o are axes connected with the 
frame a in such manner that they can turn 
around the perch-pins d d, so as to incline 
the frame ; c e are discs mounted upon the 
axes c, so that they can turn freoly and 
independently the one of the other ; / is 
an axis carried by the frame between the 
axes c ; it has other discs g upon it, they 
are mounted so as to be free to turn upon 
eccentrics fixed upon the axis, and when 
desired the axis / can be turned half-round 
by means of the lever-handle f 1 at its end, 
so as to reverse the inclination of the discs ; • 
h h are rollers mounted at the ends of the 
frame a, each has a worm-wheel upon it, 
and a worm i engages with the worm- 
wheel, so that by turning the steering 
wheel A, which is on the same shaft with 
the worm, the roller h can bo rotated and 
made to wind and unwind the chains / 
and to draw the axis c, to which the ends 
of the chains are attached, into an inclined 
position, and so to guide the implement ; 
m is the seat for the steersman. The 
leading axle e and the discs upon it are 
employed in steering in whichever direc- 
tion the implement travels, and the hinder 
axle is set over to incline its discs in a 
direction opposite to the direction of the 
discs g . The dotted lines nn indicate 
road wheels which are removed when the 
implement is put to work. 

The implement, Figs. 72 and 73, is 
constructed by John Fowler and Co., 
of Leeds, for opening wide drainage 
or irrigation ditches, as required for 
sugar and cotton cultivation. Near the 
front end the frame is provided with 
a rope-sheave, round which the rope 
from one of the ploughiug engines passes, 
its other end being fixed to the hind 
wheel of the same engine. Thus the 
strain exerted by the engine on the im- 
plement is doubled. The knife is let in 
and lifted out of the ground in the follow- 
ing manner. The axle of the hind wheels 
is cranked, so that in turning it the wheels are pressed down or lifted up, and the frame also 
either raised or lowered. The ditch is cut by two coulters and a shared after which a third 
central coulter splits the mass of earth to be removed into halves. Two long, straight mould- 
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boards conduct the earth upwards, and deposit it on both sides of the finished ditch. Ditches of 
1 j to 2 ft. in depth can be made with this implement at the rate of a mile an hour in suitable soil. 

Fig. 74 is a plan, and Fig. 75 a side elevation of a general purpose steerage horse-hoe or 
ridger by Heaaly, Hill and 


It is made with a fore- 
a and steerage 6, and 


Warden, 
carriage 

fitted with a lift c, to raise the 
hoes out of work at land's end, 
and enable the machine to be 
moved from place to place with- 
out detaching any portion of its 
mechanism. 

The horizontal bars d, which 
carry the hoe-standards e, slide 
through two cross heads / and 
through the steering handles g, 
giving groat facility for moving 
the hoe-standards to the usual, 
or any particular width of crop- 
ping. 

The steering handles g , are 
hung upon a horizontal draught- 
bar 4, in front of the fore car- 
riage. This draught-bar can be 
adjusted to any width, by shifting 
the eyes or loops 4 1 in the slots, 
and fixing them in the required 
positions by lock-nuts; and by 
raising or depressing the draught- 
bar in the slots which is effected 
by lock-nuts, the depth and even- 
ness of hoeing can bo axrangod at 
pleasuro. .Ridging or moulding 
plough-bodies, Fi^s. 76 and 77, 
which consist of pointed or winged 
shares; fitted to heads or stems 
carrying light movable stool, 
iron or wood mould-boards f, are 
attached to the horizontal bars d 
by means of the usual clips or 
fastenings k used for securing tho 
hoes, the clips k having two set- 
screws A 1 , thus avoiding the 
possibility of any lateral move- 
ment of the implements when in 
work. 

Any of the usual forms of 
this implement may he applied 
to potato-raising, by attaching 
several grids or bars of openwork 
to tho ridging heads or stems,; 1 , 
and an additional tail-piece or 
set of prongs to end of slipe, so 
as to thoroughly separate the 
soil from the potatoes; by this 
means several rows can effectu- 
ally bo lifted at once. 

Mechanical Sowers , — In any 
agricultural country the quantity 
of seed sown is so enormous that 
tho smallest economy, either in 
the labour of sowing, or in tho 
seeds sown, represents an import- 
ant annual value. This fact has 
been fully appreciated, and the 
improvements in drilling and 
sowing machines are only out- 
numbered by the attempts at im- 
provement. The first process of 
sowing in all countries is tho 
ancient one of “ sowing to the 
wind M by hand, or hand-sowing. 



Bimple as the operation appears, it needs practice, a certain ability, and attention ; and a good double- 
band sower will disperse the seed from either hand with equal facility. But experienced as the 
sower may beoome, band-sowing cannot compete in precision and accuracy of placing the seed with 
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machine-sowers. The hand-sower, moreover, loaves the grain he throws into the ground unoovered by 
soil, and the operation of covering soil oVor the grain must be a separate one in which the field 
traversed by the sower must be again worked. With the sowing machine, the preparation of the 



75 . 

earth to receive the seed, the sowing of the seed and covering it are operations performed with 
practical simultaneity. Certain mechanical sowers mix tho grain with a proper proportion of liquid 
or solid manure. The necessity of working equally well on rising 
ground as horizontally adds to the difficulties attending tho construc- 
tion of a sowing machine, and the conditions to be fulfilled are suffi- 
cient, notwithstanding the numerous machines introduced, to reduce 
those practically successful to a small number. 

Spoon Drills . — Tho machine which we illustrate may bo token as a 
typo of this kind of drill or sower. The grain-distributor consists 
of a series of small spoons, Figs. 78 and 70, of dimensions propor- 
tional to the size of grain that they are to hold, the shanks of these 
spoons being set perpendicularly to the plane of a sheet-iron disc. 

This disc is mounted on an axle which receives its rotative movement from gearing B, Fig, 80, 
mounted on the wheels carrying the machine. The velocity of rotation of the spoon-disc is there- 
fore proportional to the space traversed by the drill. The spoon-disc revolves in a wooden box 
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with concave bottom, constantly fed with grain by a hopper placed at the side and slightly higher. 
Fig. 81. Eaoh spoon arrives in turn at the lower part or the box and fills itself with seeds, which 
it raises and throws into a funnel arranged to receive them. This funnel communicates with 
a series of flexible tubes, which the seeds traverse in order to arrive at the part of the machine 



that introduces (hem into the soil. This part of the machine 
is very simple, very strong, and constitutes the trait charac- 
teristic of perfect sowers. It consists of a kind of coulter 0, 
carrying at its hinder part a larger drill in connection with 
the tubo t 1 supplying the grain. This coulter opens the 
sufficiently mellowed soil to a certain depth, it allows the 
grain to fall to the bottom of the trench that it makes, which 
it closes by allowing the earth to fall in. The distributor 
and the share are the essential parts of the drill. Tho spoon- 
discs are put in motion by the gearing R, and each revolution 
or fraction of a revolution of the wheels corresponds to the 
emptying of a certain number of spoons into the funnel, and 
so to the arrival in the soil of a certain number of seeds. 

When the machine stops, the distribution of the grain stops 
also, and it is impossible for the grain to be delivered in ex- 
cess. The equality in depth at which the seed is buried is 
obtained by a very efficacious arrangement. The coulter is 
mounted on a jointed lever, sustained’ at its other extremity 
by a chain wound on the whim T T, and raised or lowered at will by the handle m m. If the 
chains are so raised that the coulters are above the earth, as shown in the figures, the machine 
does not work, and may thus be transported along roads. The weight of the coulter and of 
the lever which supports it is regulated in such a manner that it enters the soil to a depth 
fixed by the position of the whim and by the free length of ohain. If the soil offers more 
resistance than ordinary soil, or if the depth is above the average, weights are placed at the end 
of the lever. If the ooulter enoonnters an obstacle or a portion of the earth accidentally higher 
than the rest, it raises itself by turning around the centre 0 and falls as soon as it can retake its 
normal position. Tubes of caoutchouc have been proposed as substitutes for the funnel-tubes $ l , 
but these afford greater freedom of action. All the spoon-discs are mounted on the same axle 
parallel to the axis of the hopper which contains the seed. This axis should be very nearly hori- 
zontal, even when the maohine works on earth inclined to the right or left. This result is obtained 
by putting cast-iron wedges under the axle of the hopper. It is necessary that the grain-box and 
the funnels into whioh the spoons are emptied should always preserve the same relative vertical 
position when the maohine ascends or descends a declivity. A screw, commanded by its handle, 
obtains this result. The small hammers /, Fig. 81, raised by the shanks of the spoons, strike the 
funnels and impart to the whole system a slight vibratory movement intended to prevent fine moist 
grain from adhering to and hindering the action of this part of the machine. 

Kipping's drill includes a travelling surface provided with recesses of suitable magnitude for 
receiving the particular seed required to be sown, and in the desired quantity, (his surface 
constituting the bottom of a hopper and being provided with pistons winch move in recesses. 
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Figs. 82 and 83 represent the operating parts in transverse and longitudinal sections. A cylinder 
fixed upon a shaft Is caused to revolve. In Fig. 88 this cylinder is broken off at the middle, but along 
its length are groups of perforations of different sizes, suitable for various Bizes of seed, for turnip, 
for instauoo, and for beans, the intermediate sizes being suitable for wheat, barley, or other grain. 
Within these perforations are pistons, the inner ends provided with loops strung upon bars, the ends 
situate in grooved cams, through which the shaft passes loosely, the cams being fixed, so as not to 
rovolvo, to the framework of the drill. The configuration of the grooves is shown by dots in 
Fig. 83, and slots are formed in the ends of the cylinder which act as guides for the rods;. a 


82 . 83 . 



hopper, the bottom of which is constituted by the cylinder, being mounted so ns to slide upon rods 
carried by the framework. To this hopper is attached a guard extending downward along the 
ciroumferenco of the cylinder and terminating in a spout. Within the hopper is a rod, curved so 
as to correspond with the circumference of the cylinder, and upon this rod is a brush, which may 
be tightened in any required position by a sot-screw. Fig. 82 shows the recesses and one row only 
continued around the circumference of tho cylinder, but the others are disposed in like manner, 
and the pistons are omitted except where the section is taken. Tho notion of the apparatus is as 
follows ; — It being assumed that the cylinder is caused to revolve in the diioction of the arrow, and 
that seed is fed to the hopper from a main hopper, in any ordinary manner, it requires to be measured 
and distributed by means of the rings of recesses ; the description, however, will refer to the sowing 
of one row of grain only, into a furrow made in the usual manner by a coulter. As soon as the 
revolution of the cylinder lias carried the recesses into the hopper, tlio shape of the cams draws 
the rods downward, and the pistons, which before this have filkd the recesses, partaking of that 
motion, cavities are successively formed, into which a certain number of seeds pass, the brush 
sweeping off the superfluous quantity. As soon as a recess passes tho brush, the shape of tho 
grooved cams draws the pistons farther downward, so that when the recess reaches the guard, the 
measured quantity of grain has a superfluity of space, the object being to prevent the loss of grain. 
When a recess has passed the guard, the grain is free to fall through the spout. The grooved cams 
then quickly project the pislon, to ensure emptying the recess, tho piston also serving to clear 
away any dirt that may have beeu taken up. The grain thus di livered to the spout is conducted 
to the furrow by the usual means. This description has referred to the sowing of one row only, 
but the cylinder has as many groups of recesses as there are rows to be drilh d, each group having 
its hopper and brush, Fig. 82 ; and in order to use this hopper for any one of the lings of recesses, 
according to the size of th« seed, or tho quantity to be delivei ed at a time, the hopper is made to slide 
longitudinally on rods. The brushes are mounted on the Curved rods, for the purpose of shifting 
them backward or forward, bo that the quantity of seed which past-es into the recesses may be varied. 

Tooth’s plough drill was designed for the purpose of improving tho natuial pastures of New 
Zealand. The first machine was built by Garntt and Sons in 18fi5, and has been in almost 
constant use at Alford, New Zealand. The seed is contained in the box A, Fig. 84, whence it is 
delivered by the cup barrel tt, driven off the travelling wheel by a chain having two changes 
of speed, into tho telescopic pipes C, leading to several levers, into which are keyed stout 
w rough t-iron pipes E, upon which the shoes or shares F are fastened by set-screws. These shoes 
are of steel, hollow and chisel -pointed, for cutting into the ground and overcoming the tussocks, 
roots of trees, and other obstacles. The depth of the furrows is regulated by fastening the discs G 
higher or lower on the pipes E, by means of cramps. The seed is deposited through the shoes F, 
in the bottom of the grooves or furrows cut by them, and the ground is then pressed and con- 
solidated over the seed, by the rollers G. The wheels are much higher and stronger than those of 
the ordinary drill, and the whole machine is specially adapted for rough usage. It is drawn by 
two horses, the driver riding upon the top of the box, whence he is able to watch the action of the 
levers, to wind them up or Tower them aB nocessaiy, by means of the large fly-wheel H, which com- 
municates by sheaves and chains with the winding barrel at back of drill, and to regulate the 
position of the box, to suit hilly or uneven land, by means of the regulator K, which is similar in 
principle to that in ordinary com drills. The framework in front of the driver is arranged as a 
platform, upon which sacks of seed, to replenish the box when drilling very large areas, can be 
hid. The distance between the rows can be regulated in the usual manner in drills, by alteriug 
the number of levers used. The levers are easily shifted, fixed on or taken off the arras bar, by a 
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joint containing one bolt and nnt only. The levers are made fore and aft, in order that they may 
not be choked. In passing through the tussocks, the fore shoes are clear of the obstacle before the 
after ones encounter it This machine, by means of the wheel running behind the shoe, regulates 
the depth at which the seed should be deposited, a point of great importance in sowing small seeds. 



Harrows . — The harrow effects on a large scale the purposes of a rake, and usually consists of a 
number of rough points, or spikes, fixed in a frame. The tripod-pieces of harrows as ordinarily 
constructed, when put together for work, leave open spaces between them, but in Howard and 
Bousfield’e Sommerton harrow, Figs. 85 and 86, these flR 

spaces are divided up by links which are suspended from 
the tripods, and serve to act upon the ground, greatly 
adding to the efficiency of the implement. 

In the Figs., a a are the tripods made of cast iron, 
and connected together as usual by moans of rings of 
wrought iron 6. The spaces enclosed by these tripods 
are divided up by means of links c c. 

Randall's Pulverizing Harrow . — In treating farm lands 
reclaimed from turf or peat-bogs, there was at one time 
great difficulty in reducing the furrow of turf after the 
plough; ordinary harrows often failed to penetrate it, 
and it had to be chopped up by hand-power. A great - c 

advantage has been obtained from the use of Bandall’s pul - iAAAAjAAAAi 

verizing harrow, an American invention, Fig. 87. Be- “ 7VVVVIVVVVir 

neath the bar to which the shafts are attached, there are 

two frames, each carry- 87 . 

ing six sharp - edged 

revolving discs, so ar- J 

ranged that they can be X L ‘ 

set obliquely at any 

angle to the line of 

draught. The discs 

are not plain but are 

slightly dished, the con- ~ 

cave side being in- 
wards. Each disc cuts 
into tho furrow, and 
pushes the strip it has 
cut towards the centre 
of the machine. When- 
ever the furrow is tough, 
the weight of the driver 
increases the cutting- 
power of the barrow. 

The work done by this 
machine is of great ser- 
vice in comminuting 

turf and peat When the bog is not firm enough after draining for ploughing, it must be dug by 
hand and thrown up in ridges or lazy beds, 4 ft. wide. 

Reapers, Mowers , and Harvesters. — Fig. 88 represents Wood's self-delivery Teaper, and Figs. 89,. 
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90, and 91, detached pieces of the mechanism. Fig. 91 shows the method of communicating 
rotating motion to the reel-shaft from the main bearing or driving wheel, through a pinion gearing 
into teeth on the inner face of the wheel, a is the shaft upon which the pinion is fitted ; it carries 
at its outer end a worm 6, the blade of which engages between the rollers c, on a horizontal disc 
or plate d for turning it. The axle e of this disc passes through a support /, to keep it in a vertical 

n ition, and also through a cam-block q, the face of wh'ch is of peculiar shape, to compel the rake 
, ,nd reel-arms *, to rise and fall to follow the work. The upper part of the axle carries a hood /, 



furnished with lugs h k, through which the pins of the arms h h and i i pass. These form the joint- 
pins for the arms, and also serve to carry them round with the hood, which is keyed upon the axle, 
Figs. 89 and 90. The cam-block or plate is held in place by a bracket n, bolted to u brace o, the 
distance being maintained by the height of a socket or pillar f , which is also bolted to the brace o. 
The brace is centred at its ends upon brackets, springing from the side beam of the machine. 
Its purpose is not only to support the hood and the parts in connection, but also to enable the 
axle with its appendages to be tilted, so that tho rake-arms can pass obstacles ; and for this a 
foot-beam q , is attached to the top of it. Tho cam-block q only lodges upon the socket or pillar /, 
and its position is governed by the length of the curvo given to the strap n. By this means the 
block can be shifted round upon the socket, and held firmly at any part, for throwing the rake 
and reel blades into work, in advance of, or behind, or over tho points of the fingers, and also to 
rise clear of the platform. Tho block or cam is so made that a portion of the working face is at 
the edge, and a portion under the edge, these portions being at different parts, so that the rake 
or reel arm, in passing over the platform, is not allowed to rise or to drop any of the grain. 
The arms are arranged in pairs through rods or links, and this coupling permits the vertical arm 
to find an abutment against the edge of the cam-block. Tho depression of the foot-plate enables 
the attendant to lift the rake-blades, so that they act as reel-blades only when passing over the 
platform, and allow the grain to accumulate upon the platform until there is sufficient to form 
a sheaf, when he can remove bis foot and allow the next rake to sweep the grain off. By this 
arrangement, where the crop is very light or thin, he can so time the delivery that the grain 
deposited Bhall at all times be sufficient fo form a sheaf. Where the grain is neavy or thickly 
grown, this will not be necessary, as the rake-blades will act in regular order, and deposit behind 
the track at fixed distances. Each of the rake-blades is fitted at one end with a bolt or pin s , so 
that they can move upon them, and a bar or link t is secured to the other eud. This is provided 
with a number of slot-holes, for raising and lowering to suit tho height of the grain, and to 
act upon the grain nearer to or farther from the ears ; the bolts or pins pass through plates on 
the bars. About the middle of the knife-beam is fitted an elongated finger to, with a curved top 
face for the rake-blades to ride up should they descend too low, and to prevent the teeth coming 
foul of the knives, and an iron strap is fitted between the two teeth, to prevent the blades being 
injured. In Fig. 88 only one main bearing wheel is shown, and this is composed of a bana 
with teeth in the inner periphery, for the teeth of the pinion to gear into, and with two rings 
placed vertically and held in position by tie rods, on which rollers are mounted for bearing 
against the base rim of the teeth, one of these rollers being toothed, to act as the pinion for 
transmitting the motion to the knives, and also to the reel-arms, if the machine be a reaping 

n 2 
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machine, or a combined reaper and mower. The band wheel is held between the frame by the 
vertical rings, and the height for outting can be regulated by a pin. The wheel has no spokes, 
and the connecting rod can be passed through it, so that the bevel gearing for actuating the knives 
can be upon the outside of the framing, and the cutting take place In a line with the centre or axis 
of the wheel, so as not to interfere with the draught or pull of the horses. There is a peculiarity 
in the rising and falling motion of the machine when the wheel is employed, and that ib that the 
platform is not canted, or brought lower, at one end or side than the other, because the fixed pin a, 
or axlo of the rings, forms the fulcrum at all times, and movement imparted to one point is instantly 
communicated to tho whole of the machine. The platform and framing always form one plane 
with the horizon, at whatever height they may be moved by the lever at the back, when passing 
obstacles. The tilt of the platform for angular cutting, is obtained from the position of the 
adjustable nut upon the front cross-bar. Swivel blades are fitttd at the tips of the rake and reel 
arms, to ride over the platform ridge, to prevent the entanglement of the ears of the grain, should 
they droop in the direction of the platform. Reciprocating motion is communicated to the knives 
only when the machine is travelling in the forward direction, and for this purpose, a kind of box 
on tl\o axle is arranged, in which a series of ratchet teeth are made for a pawl to drop into, the 
pawl being kept iu action by the spring, the pressure of which is overcome by the pawl riding 
over the teeth if the machine is moved backward. 

Kearsley's Mowing Machine. — Figs. 92 to 98 show various details of one of several varieties of 
mowing machines manufactured by H. and G. Kearsley, of Ripon. 

The form of the frame, which is of iron, is seen in the plan, Fig. 92, from which also the arrange- 
ment of the motion will be understood. Upon the axle of the travelling wheels of the implement 



is keyed a spur-wheel gearing into a pinion, cast in one piece on a spur-wheel which runs on a 
movable rtud, and allows the motion to be thrown in and out of gear by an eccentrio lever. The 
spur-wheel last alluded to gears into a pinion on the main axle, and cast in the some piece with it 
is a bevel wheel, which drives, the bevel pinion keyed on the crank-shaft of the implement. This 
gearing is enclosed m a casing, which protects it from dirt, and also serves as a guard to prevent 
the entanglement of the reins. The lifting apparatus consists of an ordinary lever ana chain, 
attached to a quadrant that is fastened to the joint-bar by a double stud and bolt. A short slotted 
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lever is fastened to the joint-bar by a bolt and stud, and in this lever is a notch, there being a cor- 
responding notch in the end of the joint-bar, which forms a fulcrum for the lever to work upon. 
The quadrant passes through a slotted lever, and thus, if the outer end of the guide-bar is m a 
hole, the driver can raise it to n level position, as soon as the inner end begins to move, and by the 
same means the finger-bar can be raised high enough to clear obstructions in the field. The guide 



in which the knife works is formed with a step, next to the finger-bar, in order to increase the 
slanting edge under the guide, and prevent the accumulation of dirt uuder the knife. Thus 
the Bpur-wheel d, Fig. 92, is keyed to tho main axle i, and gears into the pinion <?, east in the 
wheel /, and running on the stud u. This wheel gears into tho pinion q % on which is east the bevel 
wheel h. The pinion i is driven by the wheel A, and on the other end of the shaft is tho crank- 
disc A, to whicli is attached the end of the connecting rod m. Jn this rod is a tube containing oil, 
and at every revolution of the disc k a quantity sufficient for lubrication is liberated. Tho other 
end of the connecting lod is attached to the knife-bar. The dotted lines nn show a stay or support 
secured to the frame a at the back of the implement, and to the finger-bar o, and joint-bar l , to keop 
tho frame in position. The lever j is pinned at n on the frame a, which curries the crank-lever, and 
to which is attach* d the chain c, and the quadrant q , which passes through the slolted levi r />, Fig. 
97, attached to the finger-bar, tho quadrant being connected to the joint-bar. This is tho lifting 
arrangi ment. For stopping or starting the implement, tho lever s is employed, having at its lower 
extremity an eccentric working on a stud «, on which the wheels c and / revolve. Tin's is effected 
by moving the lever from 1 to 2, Fig 98, as shown in dotted lines. The guide in which the knife 
works is shown at c\ and the notch already mentioned is at /'. This foims part of the guide for the 
knife to work in. The slanting edge /' prevents the accumulation of dut upon the guide. Figs. 
93 to 9fi also show the manner in which the Kearsleys form the fingers of their implements. The 
fingers 1 ure made in the ordinary wav, but in the bottom is formed a r< cess 4, and on tho top is 
placed a steel lining 2, seemed to the finger-bar 3, by the lx>lt G, the squared head 7 of which lies 
flush in the recess 5, the same bolt on the other side being secured by the nut 8 in the recess 4. 
Tho fiont end of the steel lining is made with a tonguo that tits into the recess shown on the top of 
tho finger-bar. The advantages claimed by this arrangement are, that there are no projecting nuts 
to offer any re&istance or obstruction, or around which the cut grass can gather. 

Figs. 99 and 100 illustrate Samuel eon’s two-horse mowing machine. The two most important 
features of this machine are, that the horses in drawing tend to lift the knife off tho ground, and 



so when the resistance is increased, as by the knife taking a mole-hill, this tendency operates to 
relieve the machine and reduce the draught, and the second feature is that when lifted, the point 
or outer end of the finger knife-box rises first, while in other machines it rises last. Fig. 100 snows 
the extension bar of the mower. A is a portion of the main framing of the machine, to which the 
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shoe B, carrying the finger-bar B', is hinged. W is a wood ea lever for Ufa g the 
when required. Jointed to the shoe B at a point zn advance of the hinge joint is tho Juf* 
bar 0, to the free end of which is attached a chain D, which passes round a nalf-pullev a 
in the side frame A. So long as the chain remains loose the finger- beam will be free to o j aie ^ 
its binge; but when tension is put on the chain the free end of the extension bar 0 willh f^ 11 ? 011 
down, and the arm will then come into contact with a 06 «fawn 

projection formed on the shoe B. Upon this projection - I00 ‘ 

the extension bar 0 will hear as upon a fulcrum, and JMI 

will act as a rock-lever, thereby stiffening, and at iho *jJ/| 

same time raising, the lW-beam. Fig. 99 illustrates f| 

the draught chain K, and the travelling wheel, to the M 

of which the main frame of the machine C is m 

eive matin? £ 6 ‘ ?f sents f he f 6 ™ 1 ring employed to M 

an cmnk-wheel F, and through that ft n 'Whk 

tho machine, whicl “‘ff* if. ° f ihU S 
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the pole J. The Dole T R , £ u,de M, carried by 
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vibrating motion on the gimball-joiat pin, and the arm H, which is in reality a part of the wheel CL 
makes at the point h a reciprocating motion from A to A*, which corresponds with the angle formed 
by the crank-pin when in the position shown in Fig. 100*, and the position of the crank-pin, when 
the guide-crank has made hair a revolution. We nave thus a double lever, which is pivoted to the 
frame at F, to which the knife is attached at A, while the gear-wheel C is the other end of the 
lever. When the teeth of the two gear-wheels A and C are in contact, the point A is at a standstill, 
and the knife is at one extremity of its stroke. But the forward motion of A will bring all the 
teeth of C successively in contact ; and when the guide-crank has made one-quarter ef a revolution, 
the point A has reached the position A* ; and when half a revolution has been made by the crank, 
and the centre of the crank-pin is in the position shown by the line at A 4 , the arm has reached the 
point A*, and the knife-bar has made a stroke in one direction. The next half of the revolution 
will bring the teeth of 0 in contact with those of A on the opposite side ; and this causes the arm 
to move back to its original position, and the cutter-bar has completed one motion. The rotary 
motion of the gear-wheel A, is thus converted into a reciprocating motion in the most direct 
manner, and without any further loss by friction than what is due to the vibration of the wheel 0 
on the gimb&ll joint. The guide-crank: performs tho function of a balance wheel also, and the 
motion of the point A is identical with the motion produced by an ordinary crank and pitman. To 
produce one vibration of the cutter-bar, the foity-eight teeth of the oscillating gear come in contact 
with the teeth of the driving-gear wheel, and of thcso teeth at least six are in contact all the 
time. Thus the wear is evenly distributed. 

In Fig. 103 the teeth are shown : x x represents the pitch-line of the driving wheel A, whilst yy 
represents the pitch -line of the wheel 0. It will bo evident that the rofouy motion of tho driving 
wheel is converted into a reciprocating motion, and 
transmitted to the euttor-bar by one gear-wheel, 
without the use of two, and sometimes three, inter- 
mediate shafts. Forty-eight teeth are succes- 
sively in contact to produce one vibration of tho 
cutter-bar, whilst in the ordinary gear only of 103 . 

the number of teeth of the driving gear can be used 

for each vibration. Using the whole periphery of the diiving wheel for each vibration, and having 
so large a number of teeth in contact at once, allows of the gear being reduced to ono-third the 
ordinary size, with three times tho working surface. The cutter-bar of Otis Biotheis’ mowing 
machine is attached to the arm of a lever pivoted to tho fiamo, 24 in. long, whilst tho driving 
wheel A operates upon an arm of the samo lever, which is 3£ iu. long. This secures a very 
powerful and direct motion. 

The Eureka machine, made by tho Towanda Mower Company of Pennsylvania, Fig. 104, is a com- 
plete departure from ordinary principles, the great feature bung direct draught. The knife, which 
may be 8ft. long, works in front of the wheels, being driven by spur gearing and a long pitman at right 




angles with a knife and bell ciank from the left-hand driving wheel. It is attached to the fiarae 
by jointed arms, so contrived that the angles of the fingers can be altered according to ihe natuie 
of the crop. The pole is directly in the centre between the diiving wheels, which are of large 
diameter, 42 in. The driver’s seat is immediately behind the pole, with a spacious foot-board. 
The hones are yoked so wide apart, by means of a long neck-yoke, that whilst the near horse 
travels close to the standing grass on the space cleared by the track-board, the off horse walks iu 
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the standiut? grass outside the knife. This is a point of importance ; for if the lnaife followed the 
gnus trodden down by the horses’ feet, the cutting would be irregular, but as it meets the down- 
trodden grass on the return journey there is not any perceptible difference, and the Eureka machines 
work regularly, although the cutting is a quarter of an inch higher than the ordinary machines. 
One advantage of direct draught U that the machine can return along a parallel line, and therefore 
meets the down-trodden grass, and the operator can deal with a laid crop in the direction which 
secures the best result For instance, it often happens that a heavy crop becomes laid in one 
particular direction ; ordinary machines, cutting all round the field, must either go empty in one 
direction, or else follow the laid crop on one side, and inevitably make rough work. In such case* 
by no means unfrequent, the Eureka is peculiarly suitable, because the whole crop can be cut at 
right angles to the direction in which it is laid. Another minor advantage is that it clears the 
ground straight before it, facilitating later operations. . . 

Figs. 105 and 106 illustrate Jeffery’s haymaker. This machine has a hood, which is fitted 
to cover a little moie than one-fourth of the circle described by the tines of the forks, as they revolve 
when shaking the hay. As this hood is made of thin wood, zinc, or galvanized iron, the circula- 
tion of air which is pioduced by the rapidly revolving forks of the machine, is converted into a hori- 
zontal stream, whereby the hay is more effectually delivered. The galvanized wire netting hoods 
which have been placed at the back of the shafts aid not have this efiect. Also the delivery of the 
bulk of the hay was in a perpendicular direction, the result being that much of it fell on the shafts 



or horses’ backs. This was a serious inconvenience and increased labour when the wind lay in the 
direction the machine was travelling. Fig. 106 illustrates the anongement of tho shaft-iron, and 
shaft for raising or lowering the tines D of tho forks X as carried behind to work. The main 
axle 11, Fig. 105, is supported at both ends by tlio frame carried on the axles of the travelling 
wheels. The ends of this carrying frame are called drum-heads. To these are fixed Bide-irons for 
attaching the shafts. Around the main axle a banel revolves. This barrel carries the fork-arms, 
and it is by the way in which this drum is put in motion or stopped, that the efficiency of the 
shaking powers of the machine is acquired. In the first place a cog-wheel is fixed on the hub or 
nave 0 of the travelling wheel. As this revolves, it is made to work a pair of pinions cast together. 
These have a sliding motion on a fast-key or feather The revolving arum is put in motion by the 
cog-wheel and pinion as the machine advances, and when it is required to put the machine out of 
gear, the sliding pinion is withdrawn and becomes idle. But as a backward as well ns a forwaid 
motion is icquircd in tl cse machines, another double pinion is employed. This works on a bottom 
bolt. One of the cog-wheels of this pinion is always in gear with the driving cogs on tho travelling 
wheel. Thus, when tho double sliding pinion is withdrawn from the driving cog-wheel, and tho 
large cog-wheel of the sliding pinion is geared with the other cog-wheel of the double pinion, the 
action of the folks is rcveised. These pinions are shifted as required by a lever, for the reception of 
which at the same time a change is being made, theie are three notches. According as the lever 
is in one notch, the machine is set for the forward or tedding motion ; in the next it is out of gear 
altogether ; and in the third notch it is set for the backward motion. This lever is jointed, and when 
it is left to itself it falls and the gearing remains locked till, shifting, it is again required. This 
self-locking is a peifect safeguard against injury by negligence or want of skill on the part of the 
driver. The u&e of spiral springs, one open and the other closed, for locking the forks, either 
when open for work or when closed for travelling or resting, is an arrangement by which the spring 
is always at rest, except at the moment the position is being altered, and the spring losos none of its 
power or elasticity. 

Figs. 107, 108, represent Wood’s reaping and binding machine. To adapt the reaping machine 
to the binder, the rakes for throwing the corn off in loose sheaves are dispensed with, and the 
platform is made smaller and lighter. In the place of the large projection in the rear of the 
imichino for the rakes to sweep over, a stage is plaoed behind the knives of sufficient depth for the 
corn to fall flat upon. Ovor this stage runs an endless webbing, that carries the corn to the side. 
It is then carric 1 up an inclined plane, which rests on a frame over 1 the driving wheel and gearing. 
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The binder is fastened on the outer side of the machine to the frame, which is carried over the 
driving wheel, the plane up which the webbing runs, and the side of the trough of the binder 
down which the corn falls, forming a figure something like the letter A with a slightly rounded 
top and elongated feet, a, Figs. 107 and 108 represents the left-hand sweep of this arrangement, 
the top beiug joined to the incline carrying the webbing on the machine. The gathering arms are 
shown in two positions, as coming down to gather a sheaf, and as rising to ride over again after the 
sheaf has been tied and delivered. The working parts of this apparatus are carried on an iron 
pedestal B and a forked arm, the pedestal being made fast to the bottom of the frame, the position 
of the arms being also shown at the section b b. These parts are driven by a shaft carrying wheels 
which *run from the bottom of the frame as shown by c. The material used for binding the 
sheaves is annealed wire, and the reel for carrying which is shown at D, and the wire itself at d, 
the course of the latter being easily traced from the reel to the beak of the gathering arm. To get 
this.wire round the sheaf and twisted subsequently, so as to hold it fast, iB the work which this binder 
has to accomplish. The small reel d is a tension take-up reel, which is necessary, as the wire is 
longer when the gathering arm is going over, than it is when passing under the sheaf. A greater 
length of wire is then out than required to bind a sheaf. By this take-up reel, which contains a 
spring drawing 10 lbs. or 12 lbs., the wire is always kept in a requisite state of tension, which pre- 
vents the possibility of the wire kinking, or being in therway of the corn. The gathering arm 
travels at a uniform rate in the revolutions it makes. As it comes down to the trough, it enters as 
for as the elbow what may be termed a groove, which is formed by the trough being divided in tho 
centre. Thus the beak, which has divided the falling corn the upper side of the trough, is carried 
completely under the forming sheaf, the pressure for tightening it being given by the small arm 0 
carried within the larger gathering arm. But as this would give pressure on only one side, another 
arm F is brought into play. At the base of these arms there are half-circles cogged ; by this means 
as the larger gathering arm enters the groove to gather a sheaf, the cogs at its base act on tho cogs of 
the smaller arm, with the result that the arms meet each other at the bottom of the trough, and the 
sheaf is gripped at the time when the wire is being twisted and out off. This done, the second arm 
retires until the gathering arm again enters the groove to gather another Bheaf. The arm 0, which 
is employed to assist in gripping the sheaf while it is being bound, is also utilized for pushing the 
sheaf beyond the point of the gathering arm, while it is in a horizontal position at the bottom of 
the trough. So soon as the sheaf is tied, this arm C begins to travel faster than the gathering arm, 
by which means the sheaf is pushed beyond the point of the beak of the gathering arm, when it 
falls to tho ground. This third arm then rides over ^\ith the gathering arm till it reaches the 
sheaf. The arrangement of cogs admits of this arm riding over at the samo speed as the larger 
gathering arm, then to cause it to start forward to produce a grip on the sheaf, and then to advanco 
again to clear the gathering arm of the sheaf before it begins to rise, e is an iron rod to keep the 
gruin from blowing in the trough. As it is fixed at one end only, it plays like a spring to let a 
bunch of corn, should a bunch occur, pass down in suitable form. The spring / is strong and yet 
flexible, so as to hold the sheaf while it is gathering and allow it to pass easily over them when it 
lias been tied. Fig. 109 is an enlarged section of the beak of the gathering arm, in which the end 
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of the wire is held. Tho difficulty presenting itself at first sight is the way in which the wire is 
held and carried on after it is cut. a, Fig. 110, is a small wheel lying horizontally, and c, 
Fig. 109, is a quadrant in the position of the groove. This the beak passes as it is carried 
through the groove, and the small wheel of the beak is turned several times. The wire is thus 
twisted. When this has been done, and the beak is just clearing the cogs of the quadrant, a 
small steel plate, Fig. Ill, is brought into play. This acts as a combined cutter and gripper. 
As the beak is leaving the groove after the wire has been twisted at the bottom of the sheaf, 
the small knob or lug at the bottom of Fig. Ill is caught by a jog in the groove, and the wire 
is simultaneously cut and gripped, the grip being made between the cutter and the strip of steel c 
in the latter figure, as shown by a dotted line. The wire is held in the position just described 
after a sheaf has been tied, and the arm is starting to go over to gather another ; as the arm goes 
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over, the beak doubles the wire into itself, to so express it, for allowing which there is a slot just 
large enough to admit the wire at the base of the beak, and on one side of it. As the wire passes 
down this slot, it enters the cogs of the small wheel «, where it rests till the cogs of the qaadraut 
are reached. At the moment this occurs, the lug at the top of Fig. Ill is caught by a jog, and 
the end of the wire is liberated for twisting as the small wheel turns in the groove. In this way is 
the double wire, the end liberated, and the part to be cut off, twisted tightly together os described. 
The process of gripping and cutting then follows. Tho cost of the wire is Is. per acre, so that if 
the cost of labour for tying be 4s. to 5s. peT acre, I he amount of saving is decor. 

Osborne’s binder and harvester was invented in 1863, ami it is stated to have been successfully 
used as early as 1866. Its operation is simple. The gram is reeled to the cutters with the 
ordinary reel. It is cut and dropped on an ondless canvas apron, which elevates it over the 
wheel to the binding- table. The binder-arm with the needle, having the wire passed through it, 
passes the wire around the sheaf and carrios it down to the twister, which is below the binding- 
table. There the two ends of the wire arc taken in the twister, which performs its work as the 
sheaf is moved away from the next sheaf; thus while the sheaf is being removed from the table 
the wire is twisted and cut off, and the sheaf, securely bound, drops gently to the ground The 
end of the wire is returned in the twister, and the operation is repeated at the will of the driver. 

In the construction of the Osborne Harvester, Figs. 112 and 113, a framework B C D is provided 
for supporting the operative parts of the machine. This framework is suppoited on a main 



driving wheel A, on which the greater part of the framework is carried, the other end of the 
framework being supported by a wheel at the end, which is adjustable. The main wheel A is also 
adjustable by its axle being supported in slotted brackets, the radial centre of which is the pinion- 
Bhaft, with which the main gear-wheel l meshes. At the front edge of the framework and at one 
side of the driving wheel is the outting apparatus, which consists of the ordinary slotted fingers 
and scalloped cutters, to which a reciprocating motion is given by a sway-bar, connected to the 
centre of the cutter-bar, and projecting rearward across the frame, to which it is pivoted near its 
centre, its rear projecting end being attached, by a connecting rod y »/, to a crank I, which derives 
its motion from tho driving wheel by a train of gearing connected with it, Fig. 112. A reel for 
gathering the crop is supported in front over the cutters, on the projecting arms of a rock-shaft X, 
which has a lever Z ana holding devioes, by which the driver can elevate or depress the reel at 
pleasure, and fasten and hold it m its adjusted position. This wheel is driven by a sprocket-wheel 
e on its shaft, connected by a chain n to a double sprocket-wheel * in a frame which is linked to 
reel-bearer g coincident with the centre of the reel-axis, and is also linked to the axis of the main 
wheel axle, so that the chain connecting a sprocket-wheel k on the hub of the main wheel with 
doable sprocket-wheel, will impart motion to it, and through it to the chain connected with the 
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Sprocket-wheel on the reel-shaft, the axis of the link* being the centre of the double sprocket- 
wheel ; the relation of the chains and sprocket-wheels will not be changed in raising and lowering 
the reel. To carry the severed crop to its receiving platform A' outside of the main wheel whilst 
the catting apparatus is on the inside, an endless apron is provided, somewhat exceeding the length 
of the cutting apparatus behind which it is arranged, and supported on rollers at each end, the 
rollers being placed at right angles to the cutting apparatus, and supported in suitable bearings. 
The upper surface of the apron being slightly above the plane of the cutters, motion is imparted to 
it by a hand attached to a pulley I on its shaft, the motion of the upper surface of the apron being 
from tho outer end of the cutting apparatus towards the driving wheel. To elevate and carry the 
crop over the driving wheel A, two endless aprons K. K are provided and arranged on the frame 
parallel to each other and inclining outwards over the driving wheel, sufficient space being left for 
the passage of the crop upwards between them. These aprons are supported on rollers, which 
have suitable bearings in an inclined framework G. The lower ends of these aprons are so placed 
as to receive the crop from the first apron named, and long enough to carry the crop over the 
driving wheel and deliver the same on the platform outside of the wheel, the platform beiug 
supported in nearly a horizontal position ; a break-board attached to the framework under the 
elevator end of the apron serving to protect the wheel and prevent the accumulating sheaf from 
being drawn down by the lower apron. These elevating aprons have laths fastened across their 
surfaces the better to enable them to hold and carry up the grain. The continuous surfaces of the 
aprons have a motion upwards, which is imparted to them by the shafts M N of the upper roller 



being geared together ; and one of the shafts M, having a band-wheel L around which a belt is 
passed, also around a band-wheel on the shaft H of one of the rollers of the apron behind the 
cutting apparatus, and also around a pulley on the crank-shaft I, gets its motion from a train of 
gearing connecting it with the main driving wheel. This train of gearing is the same that vibrates 
the cutters, and consists of the crank-shaft and its pinion, Fig. 118, a bevel wheel gearingwith it, on 
the shaft of which is a pinion which gears with a gear-wheel l connected with the main wheel ; 
this pinion b has a clutcn-faee d"' and interlocks a pin put through the end of the bevel-wheel shaft 
a"', Fig. 112, and can by sliding the same on the shaft be made to lock with, or be disconnected 
from the same for stopping or starting the connecting gear or devices. For facility of doing this a 
shifting lever S is arranged in reach of the driver, and connected by intermediate devices to a fork 
e"’ which embraces a groove in the hub of the pinion. 

To bind the crop into bundles a framework having ways is provided, and is supported in guide-* 
pieces D' attached to the harvester frame B outside of the driving wheel. At one end of this 
frame, supported in bearings nearly in a vertical position, is a shaft H\ to which is attached an arm 
W\ which extends from it at right angles, and carries at its outer end a gripping, outting, bolding, 
and twisting mechanism for the wire of which the band is made. A double hook with bevelled 
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edges is fastened to ft shaft a short distance from its end t and on the end of the same shaft is 
fastened a similar double hook. The shaft is inserted in a metal frame or block ; this blook has 
fastened to its upper faoe a plate with its edges bevelled the reverse of the first hook, and close to 
which the first hook revolves, and with it makes a double shearing hook for cutting off the wire. 
A finger is pivoted to the block in the frame by one of its ends, its other end being bevelled off and 
of proper width to enter between the two hooks, and rests on the shaft aguinst which it is pressed 
by a spring, so that in the reverse movement of the twister-shaft it will act as a dearer to remove 
any fibres or straws that may accumulate around it in twisting the wires. A pinion is fastened to 
the projecting end of the shaft on the opposite side of the frame or blook from the twister. To the 
side of this block is fastened a piece of steel so as to form an open mortice. This block or frame is 
bolted to bracket on the end of the arm W', with the shaft nearly vertical and the top of the upper 
hook far enough below the top of end of arm, which is in form of an open box, to give space for 
length of wire enough to form a twist. Above the* twister is fastened a double plate with sufficient 
space between the plates for a gripping finger to move. These plates have a vertical Y-shaped 
opening; a finger is pivoted to the plate and twister-fiame, so that the projecting end of the finger 
will swing in between the plates and across the V-shaped opening, so as to clamp or grip the wire. 
This finger is operated by a connecting rod pivoted to it, and ils other end to a short arm on the 
under side of the arm W' that carries the twisting devices. In the open mortice at side of the 
twister-block is inserted a flat slot-bolt, so os to play free. The upper edge of the bolt, a short 
distance from its end, has a hook-shaped notch cut in it, and this, together with the mortice in 
which it is inserted, serves to grip and hold the end of the wire while the needle Z' is conveying 
the wire round the bundle. The other end of this flat bolt is rounded, and haB a spring for forcing 
it into tli© mortice and holding it there. To release it at the proper time the round end is connected 
to a short lever which has a friction-roller on it and is worked by a cam. A sector-rack X' is 
pivoted to the under side of the twister-arm W' so as to gear with the twister-pinion, and has a 
friction-roller pivoted to its under bide, and projects into a cam-shaped groove in a frame which is 
fastened to the binder-frame, and below the twister-arm, and parallel to the plane in which it 
oscillates. This gioove is of such foim that in the oscillations of the twitter- arm it will give a 
swinging movement to the sector-rack X' sufficient for each hook to seize at the proper time its 
separate wire and separately sever and then twist them together for fastening them after surround- 
ing the bundle. To an ear on this cam-frame is twisted a cam-piece, againBt which the roller on 
the lever that works the flat, holding both, stakes to open it and release tlio end of the wire, and 
sever the wire brought down by the needle-arm. Another pivoted cam is so arranged that the 
roller on the aim that works the connecting rod of the gripping finger will strike it to seize the two 
wires as they surround the bundle, grip and hold them firmly so that they may bo severed and 
twisted together : they open and release the twisted ends of the wire for the discharge of the 
bundle, and hold it open until the time comes for again closing. To the top of the shaft from 
which the twister-arm W' projects, is hinged an arm J' cariying a pointed needle Z' and a sliding 
shive to its side m' connected with a spring e', and to this sliding shive l are fastened the ends of a 
cord or band »' long enough to puss round a grooved shive at the bottom g\ and of the wiie-spool/ 
which is pluced on a spindle f inserted in the hinged end of the needle-aim I'. A connecting rod 
K is pivoted to this needle-arm and is extended downward, and attaches to a levt r which is hinged 
to the lower end of the same shaft to which the needle-arm hinges. The other end of this lever is 
pivoted radially to a hub on a gear-wheel M' which is overhung and has a shalt, the axial centre 
of which corresponds with the binged point of the other end of the lever L'. The rotation of this 
wheel by means of the lever L' hinged to the shaft of the twister-arm W' gives to it an oscillating 
motion to and fro on that shaft, and at the same time the needle-arm J' receives an up and down 
movement bv means of the connecting rod K' which unites the two. This connecting rod extends 
above its point of connection with the needle-arm and has on its end a shive. Motion is im- 
parted to the wheel M' to which the lever 1/ is pivoted, by a feathered pinion on a grooved phaft N', 
arranged parallel to the shaft of the gear-wheel, and driven by a sprocket-wheel and chain O' con- 
necting it with another sprocket-wheel on the crank-slmft inside of the crank-head I. On the shaft 
N' to which the first sprocket-wheel is connected, is also a clutch P' having teeth, which will lock 
with teeth on the sprocket* wht el, and this clutch is connected by levers and links to a treadle Q', 
near the driver’s seat T, so that he can disconnect the clutch from the sprocket-wheel at pleasure 
for stopping the binder, and by releasing his foot from the treadle, a spring E' on the shaft forces 
the clutch towards and locks it with the sprocket-wheel, and its shaft revolves with it operating 
the binding mechanism. In threading the wiio to the needle, it is passed first from the spool j’ 
around the sliding shive then around the shive g on the top of the connecting rod K' of the 
needle-arm, and then to the shive at the liend c’ of needle-arm, and down the needle, and between 
the shives near its point, and then to the holding jaw y ' below the twister. 

With the wire arranged as stated, and the needle-arm J' standing at the highest, and moving 
outwards from the delivery end of the elevator aprons K. K, the harvesting and elevating mechanism 
previously put in motion, and sufficient material having been cut and elevated for a bundle, the 
driver releases his foot from the treadle Q r , and the binder is set in motion. The rotations of the 
wheel M', to which the end of the lever L' is pivoted, carries around with it the pivoted end of the 
lever; its hinged end being connected to the shaft H' which suppoits the twister-arm W', and its 
devices and the end of the wire that is in its holding jaw. The upper end of the wire, which is 
connected to the needle Z' of the needle-arm J', which is hinged to the same shaft, is also carried 
forward, pressing the wire aguinst the accumulated sheaf. As the needle Z' and twister-arm W' 
advance towards the breast-boaril X X, below the delivery end of the elevating apron K K, tie 
needle-arm J' begins to descend, the point of the needle passing down back of the sheaf, and 
between the falling straws, separating them and surrounding the sheaf with the wire, the twister* 
hook rotating partially, so as to seize the strand of wire in the holding jaw ; and after the other 
strand of the wire has been cairied down below the twister, the gripping finger comes into action. 
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and closes upon both wires between the twister and the bundle. The second hook of the twister is 
rotated so as to sever the second wire, and the first wire is released from the holding jaw, and it 
secures and holds the second wire, the first wire being severed by one of the cutting hooks, followed 
by the severing of the other wire by the other cutting hook, the ends of the wires being in the 
separate hooks as the arm moves outward, the rotating of the hooks, by the action of the sector-rack X, 
twists the ends of the wire together above the hook. When the twist is completed, the clamping 
finger is released, and as the arm starts on its return again, the finger is thrown entirely open and 
the bundle is free. This operation will now continue to be repeated once in 10 or 15 ft., according 
to the speed at which the binder is geared. When from the thinness Of the crop an insufficient 
quantity has accumulated, by means of the treadle Q the driver disconnects the binder from the 
harvester devices, and starts it again when sufficient has accumulated, repeating the operation as 
frequently as the condition of the crop may require. He can also elevate and depress the reel at 
pleasure, as may be required by the condition of the crop, and can move the binder laterally by 
means of levers pp and shaft oo, so as to place the band at the proper point between the butt and 
head of the grain, and can also disconnect the operative parts of the whole machine from the 
driving wheel at pleasure. 

Horse Bakes and Hoes . — In ordinary expanding horse hoes the stems to which the shares are 
connected are formed of a circular section, and passed through circular holes in the arms, eye-bolts 
and nuts being employed to keep them in their plaoes. The consequence of this arrangement is 
that when the hoe is at first expanded or contracted, the points of the shares do not stand parallel 
to each other, and it is necessary for the attendant to alter the position of the shares by slackening 
the nuts on the eye-bolts and turning the stems, and as there is no guide by which these can be set, 
they are sometimes placed in a position in which the shares are not left parallel to each other, when 
they are liable to turn, sometimes the case even when the stems or stalks and shares are set parallel 
to each other. 

With F. 0. Lake's horse hoes. Figs. 114 to 116, these disadvantages are avoided. In this 
implement the hoe-stems gg are caused to revolve in the sockets of the arms //by means of 
the four segments or links d d, e e, which are so constructed that to whatever distance within the 
capacity of the hoe the arms are extended, the shares b 6, c c, will point in a direction parallel to 




that in which the hoe is moving. The sides of the implement are caused to expand by means of two 
segments d d at the back part of the hoe, worked by the pinion A, which is so placed as to act with 
the segments in keeping the shares pointed to the front, and at the same time to extend or 
contract the arms according to the direotion in which the pinion is turned. 

The ends of the stems above the arms, Fig. 116, are square in section, and upon them the 
segments dtf, e e, are fitted and held in position by nuts which are slackened when expanding 
or contracting the hoe, thus enabling the stems to be brought parallel when turned by the segments. 
This imparts rigidity and steadiness of action to the implement. 

Haughton and Thompson, of Carlisle, introduced in 1877 some improvements in horse rakes 
relating to the regulating of the height of the tines from the ground, and to means of fixing the tines 
in their sockets. The tine-heads are pivoted on a rod as usual, carried in two or more braokets or 
castings, each connected by a pair of parallel radius links with other brackets or castings fixed on 
the wheel-axle, the whole forming a parallel motion ; and the improvements consist in the com- 
bination with each parallel motion of a diagonal regulating screw connecting the two brackets and 
acting on them so as to di aw up or let down the tines in a vertical line when turned in the one or 
other direction ; and in fixing the tines in their sockets by means of serrated notches at one side of 
the tines, taking into corresponding notches in one side of the socket, and secured by a wedge- 
shaped key driven in at the opposite side. Figs. 117 and 118 are vertical sections, and Fig. 119 
a rear elevation, Figs. 129 to 122 vertical and horizontal sections, and an end view of the tine-head 
or socket. A is the wheel-axle; B are the tines; and C the tine-heads, pivoted on a rod D, 
supported on a frame £S and two bruokets Y, connected each by a pair of radius links G, with 
braokets H on the axle A, The brackets Y and H, and the connecting links G, form parallel 
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motions for raising or lowering the points of the tines B in a perpendicular line. I is a regulating 
screw diagonal to the parallelogram formed by brackets Y, H, and links GK This screw turns in a 
bearing in an upward extension of the bracket H, with collars or shoulders to retain it in position, 
and its other end screws into a corresponding nut or female screw in the braoket Y ; this screw is 
turned by a removable lever-handle or key K ; L is the clearing frame supported on the axle A at 
its ends, which are slotted to allow of sliding on the axle and attached to the shafts by bars L, 



having each a downward extension by which it is connected by a pin-joint l with the adjacent 
brackets H ; M is a crank-arm fixed on the axle A, and connected by a link N with a socket O, 
in which one of the two hand-levers P P 1 , is fixed, according as the attendant walks behind or 
rides upon the machine ; P* is a treadle to attach when working the tines from the seat. The 
link N and socket 0 are also connected by another link Q with the fixed part of the frame attached 
to the rfiafts. The attachment of the tines B to their heads C is shown in Fig. 120 ; the tine is 
serrated at one side b t and the corresponding inside surface c of the socket is similarly serrated, and 
the two are looked securely together by a wedge B at the opposite side driven in between the tine 
and socket 

Figs. 123 and 124 represent Rollins’ American rake. This rake is self-acting, and both sides are 
alike. Of one side, A is the cogged boss, B the ratchet wheel, 0 the rod which runs through the 
centre ratchet wheel, D is the main axle. The point projecting from under the axle at 6 is a pawl, 
which is held on its pivot and, when resting, in its present position by a small spiral spring. A 
lever to this pawl is carried, it will be observed, in front of the main axle, to the top of which is 
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attached a light chain d, the other end being teed to tl.eleftband^aamen^e^t^re 
down and raking, the chain, lever, and pawl are in the position m which they *, _j t u 

they are left in ’thie position, and the* rake is travelling, the two mtehet v vh*fis mdnintt 
the driving wheel But when the driver finds the rake requires to be emptied, he dep^ws 
the chain | which draws the lever forward, and raises the tabg 

so locked, the ratchet wheel is at the same moment prevented from revolving. 



is cog-locked to the driving wheel, it is carried round, and wilh it the cross-bar, and the teeth are 
carried up by the cross-bar with the ratchet wheels. It is at this point that the main action in 
the principle of this machine is displayed. When the centre ratchet wheel is locked, and the end 
ratchet wheels are travelling up the driving wheels, the whole block between e and c turns bodily 
in carrying up the teeth of the rake. Thus, the lever c is brought down upon the head of the bolt 
/, as shown on the section of the cross-bar of the frame, and, as the lever strikes that bolt-head, it 
acts as a trigger, the ratchet wheel is liberated, and the teeth of the lake fall to their work by 
their own weight. If the Takings were exactly the same all over a field, or if it were no conse- 
quence to have them in a row for the convenience of gathering, this machine might be made 
perfectly self-acting. 

Figs. 125 and 126 are of a device due to Alexandre Gandrille, for spreading manure. In a cart 
an endless cloth bottom is arranged, working round supporting rollers together with a roller-brush 
working across and on the cloth bottom, the rollers supporting the bottom, the roller-brush being 
geared in connexion with the wheels of the cart, and as it is moved a uniform distribution of the 
contents takes place, owing to the movement of the end! ss cloth bottom which brings the material 
to the brush, and it is thus brushed out from the end of the cart. 

The cart is made in the ordinary way but without any bottom, the bottom being formed of loose 
rollers, over and on which the cloth revolving bottom, intended to carry the manure, works; the 
brush is of hard fibre ; the gearing of ordinary description, worked Inr the axle of the cart 

Referring to Fig. 125, A is the motion-wheel of the cart, to which are attached wheels CD; B 
is the opposite wheel of the cart ; C, a cogged wheel actuating E below ; D, cogged wheel driving 
F ; E, cogged wheel communicating movement to the small axle G, on which is mounted wheel H 
placed below the axle of B; F, wheel communicating movement to the brush Q; G, axle of the 
wheels H and E ; H, cogged wheel actuating I ; I, wheel communicating motion to the roller 
K ; K, roller, giving movement to the endless cloth L ; L, endless cloth to carry off material placed 
in the box O ; M, intermediate rollers supporting the endless cloth bottom L ; N, fourth roller driven 
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by the first roller K ; O, box or receptacle for holding the manure or other material ; P, ledges of 
the box O ; Q, revolving brush ; R is a box for the use of the driver; S, graduated scale for regu- 
lating the supply of material ; T, shafts of the cart ; U, frame of the cart ; v , the axle. 

It is evident that on the cart being set in motion, the wheels 0 I) revolve simultaneously with 
the wheel A of the cart ; C communicates motion to E, which is transmitted through G to A on the 




opposite side of the cart, where it is communicated to I, causing the roller K to revolve, which then 
through the motion of L carries on the movement to roller N, and similarly D moves F which causes 
the rotation of the brush Q, ^ aj . ^ _ 

Figs. 127 and 128 have reference to an arrangement, by Duncan Ross for cutting off the tops or 
leaves and the tails or roots of turnips, close above and below the body of the turnips respectively, 
while in the drills where they grow. 

The novelty consists in having sharp-angled, preferably V or U shaped, blades or knives 
secured to the front end of an open horizontal frame, carried and oscillating at their back ends on 
arms, projecting down from a transverse bar secured to. the main frame or beam of the machine 
with the knives directly above each drill at a height to suit the turnips, the limbs of the knives 
being open to the front and fitted with guiding horns, so that the ebaws or tops of the turnips will 
be guided into and caught in the cleft of the knife, and so cut off during the forward traverse of 
the machine over the turnips, and in a plane parallel to the drills and surface of the field or nearly 
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so, in contradistinction to the manner of catting turnips hitherto by reciprocating and revolving 
knives acting and cutting laterally or transver&ely across the drills, or by simple angled knives. 

In Fig. 127, the control beam D is carried forward, some distance* in front of tho topping cutters 
A, <s, under tho usual raised bow part D" and shifting-pin drawing-shackle, where it has an 
eye D' and screw or wedge for fixing the upper shifting end of the foikod stem D 2 of the front 
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canying and guiding wheel D 3 to run in the eontinl fimow betwem the hvo drills, indited by 
the dottxd lines z — z y and thus set tho fiont end of the fittme B at the proper height to suit the 
drills of turnips and the cutters. Tho back end of tho beam 1) is secured to tho centre of a drr, M 
cross-bar or frame-ph ce E, Inning strong eyes at its outer ends for carrying the. emulating shaft or 
axlo F, which by arms secured at each end and projecting downwards with JaUral studs at their 
lower end, carries tlie two back wheels F 2 , which run in tho eentro of the two/f urroWB close outside 

of the drills z This back cud of the frame can be raised and lowered ot\ jf s wheels to suit 

tho drills au<l tailing cutters I I', by the oscillation of their carrying «• }lx ] 0 jf \ } y a 

hand-lever. Tliis raisiug and lowering lever is placed in tho centre of the'. 4i( ii ntr s i m (H j’ u t his 
arrange me nt of tho topping cutters A, a, their oscillating frames B nr^ mado Ihdit enough to be 
raised by tho inclined and forward action of the gathering-in curved horn* a clidm* over the ton of 
tlio turnips in fmnl of tho cutt, rs, and adjusted and linns nt n projK r lit iL t by bhort chnhiB h ni nr 
the front of tho arras It to give greater case oral flexibility ,,, rising anAiiing, linked by hooking 

™ ™ , ''' rnl8 T?] K,V °’ to , a 1,a, J , 1 1 r ‘ e nIa * In S f , an<i wheol, soonrjd j„ h inta in tho transverse 

earn mg arms It- screwed or otherwise fixed to tho beam I) over tho rf mlm , s It so tlmt Ihev con be 
quickly trad Cftbily adjusted to trait tho height and width of tho drill4™f turnips to heent Tho 

tho oars 13. lho oidinary root-entteis I are earned by strong, ti un and upcnrod 

TI,eXni n e.W^ 8 fl^ 8 en?L fl T X '" S ^ F T^'slo iho bar E of tl^franK ahov'x 

4¥> wiX? Self r t Wnffho 1 “i‘ “if 1° ™ I ’ r0J00 i t for Y the sides, raid angled back at about 

towards each oilier at the middle iurrow, so ns to cuttH f i, |4 rnrjfs n r tails of the turnin', hv Bio 

forward motion of tho macliino, after tho loaves liavo been Ct off b? tho ton, duo knives V in front 

so Oslo dolivor tho tuinips from ihe two drills into the onql p, ]rrmv y ^ ® ’ 

twotMo T J i t,,Uing ,llarbine ’ fW described, consists of a main frame with 

t™ ™L?:,T”£„ Wb L e f B ,’ fcff. « M l Clutches to their axle, running in tho 


two furrows outside tho two raised drills of turnips to C T « 10 “ Clr aX1C ’ iT^VY 

nJy for lifting,™., .‘front l£.‘or dmw fil f‘| e ,h ? Olio, 

furrow with controlling oral , „ lte fo1 e.gwAng wheel running in tho centre 


furrow with controlling gear and hand-lever or r 
roibing and lowering tho rear of the frame, with] 
relation to the surfaco of the ground. < 


Tier equivalent mechanism for instantaneously 
its cutters on the carrying axle and wheels, in 


on-Tw?ed*. 2 ^T^e^op^ turnip-topper due to John Brigham, of Berwick- 

in front at V to th^cast-iron lentral drawing^ 1 of „ the “ aoh I? e 18 . of ™ all ! ab , 1 !, U '°? 


couplings 


, spring pawl f 



AGRICULTURAL IMPLEMENTS. 


51 


The machine is guided by the hand-levtr 8 scoured on tho top of the swivelling spindle 3 of the 
guide-wheel 4, and rests on tlio setting and retaining notched bracket 8', at one corner of the 
vertical bow frame 1", secuied to and projecting up from the main framo 1, and which carries and 
guides the loose oscillating framo B, cariying the band-saw A and its driving and guido pulloys 
A' A for cutting the tops off tho turnips. 



The bar D is attached to the bottom of the vertical frame I3> with two or more curved up-pointed 
finger-gunids D' secured to tho bar D below, and pt ejecting forward al some inches apart above the 
two dulls of turnips so as to glide over thorn and embrace the turnip-tops between the iingeis 1) ! , 
having the band-saw A woiking close nbovo them. The fiaine B is caniod by two adjusting 
links 6, one at each side, passing up through the bow-cairying frame 1", with the clastic spiings 
above, so that the whole fiome l> and fingci-bnr D lisos and tails over and across tho two drills z y 
according to the ii regular size or height of tho turnipH as the fingers B' glido over 1 hem. Tho 
frame B is guided and steadied vertically by the curved wings B 1 at its upper ends l>etwcen tho 
antifiietion lolleis B" secured to the inner taco of the vortical frame. Tho band-saw A is carried 
round tho two small pulleys A", revolving on studs A 2 , secured to the lower ends of the frame B, 
quito beyond the fingers D l and above their carrying bar, so as to cut the tops as they enter those 
fingers. 

The saw being steadied in guides d secured to the upper side of tire bar D, inside tho fingers D', 
passes up from the outside of the two guide-pulleys over the saw-pulley A', which is secured on the 
front overhanging end of the short spindle a, revolving in a tightening bush carried on a regulating 
spring with a pinching screw as shown in tho back view, Fig. 131. The spindle a of the driving 
pulley A' is turned by the angled shaft a 2 , coupled to it above by the universal-joint coupling a\ 
and below by a similar coupling a 4 to its pinion-shaft a 5 carried in the bracket projecting up 
from the back end of the frame. 

The piniou c is driven by the spur-wheel r 1 gearing into it, and keyed on the overhanging end 

K 2 
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of the horizontal shaft c" carried in the bracket c"', below the frame 1 and shafts a 5 , a*, and driven by 
the bevel-pinion c* gearing into the wheel c 8 keyed on the driving shaft 6, so as to drive the band-saw 
at a high speed from this shaft when it is coupled to its running traction-wheels 7 by the couplings 7'. 
The roots of the turnips are cut by the cutters 9 formed on the lower forward end of the stems 9 l , 
secured by pinching screws and gripping blocks 10 to the rear sides of the frame 1, near the back 
end, and projecting towards each other so as to cut off the roots after the tops have been cut off; 
and with the assistance of the guards or gatherers 11 screwed to the lower part of the stems, deliver 
the dressed turnips into the centre furrow behind the machine ready for lifting and carting away. 

Books upon Agricultural Implements Mangon (J.), ‘ Traite de Genie Rural e/ 1 vol., royal 8vo 
and atlas folio, Paris, 1875. 4 The Journal of the Royal Agricultural Society of England/ 2nd series, 
London, 1868-78. Papers in the 4 Engineer * and 4 Engineering/ 1862-78. ‘Proceedings of Insti- 
tution of Mochnnical Engineers/ 1872. 4 Landwirthschaftlicho Blatte/ Berlin, 1870-76. 
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Certain disadvantages inherent in the nature of steam render it unsuitable for employment in 
some situations. When the pressure of steam is required to bo applied at points remote from 
that at which it is feund convenient to generate or prepare it, a long lino of intermediate 
pipes is needed for its conveyance. In the course of transmission, under these conditions, from 
the point of generation to that of application, steam losos much of its heat, and becomes in no 
inconsiderable degree condt used into water. A large proportion of the work stored up in the 
steam is in this way lost, and its use bocomes in consequence uneconomical. In underground 
workings, the heat of steam constitutes a very Berious obstacle to its employment. Rock-boring is 
commonly performed by machine drills ; and if steam wore applied to the driving of these drills, 
the temperature at the forebreast would, unless special and expensive means were provided to 
maintain a strong ventilative current, be rendered intolerable. The same consequences would 
ensue if steam were employed to actuate coal-cutters and hauling engines, or to propol mino loco- 
motives, although the Bame degree of vitiation would not bo reached. These disadvantageous 
qualities of steam have caused attention to be directed to compressed air; and of lute thiB has 
been largely adopted in those circumstances which we have pointed out, and also in some others 
where its peculiar properties recommend its employment. Consifeting as its docs of permanent gases, 
condensation cannot take place ; and as it may be obtained at atmospheric temperature, it is not 
liable to lose heat in transmission. But its great merit for underground use lies in the beneficial 
influence it exerls on the atmosphere of close places. Instead of heating the air, as steam would 
do, it hnB a powerfully cooling effect, in consequence of the expansion which it undergoes during 
its exhaustion from the machines. Moreover, as it consists of pure air, it contributes largely to 
the renewing of the atmosphere of the workings. Thus, compressed air is not only free from tho 
defects of steam, but, while possessing all the practically valuablo qualities of tho latter, it offers, 
in addition, advantages of no small importance. These merits have led already to its adoption in 
numerous instances ; and there is no doubt that its use will be very widely extended. 

It should bo borne in mind, when comparing steam witli compressed air, that the latter is only 
a means of transmitting power ; it is not, like the former, a source of power. Strictly speaking, no 
doubt, the ultimate source of power in a steam engine is in the chemical reactions, known as com- 
bustion, which take place in the furnace ; but the force is developed, in the form required for use, 
by tho transformation of the water into steam. In compressing air, no such transformation is 
effected ; the force, derived from other sources, is merely stored up in it, in tho same way that 
force is stored up in a spring put into tension. The force is usually obtained, either from steam 
itself, or from a fall of water ; and tho air is made use of as a medium, through which it is trans- 
mitted to the points where it is to be utilized. 

Compressed air is air increased in density by the application of pressure. Tho density of tho 
atmosphere is such as to give a pressure of about 15 lbs. to the square inch, that is, if, lor example, 
a hollow cube be made air-tight, and then placed in a vacuum, the contained air will exert a pressure 
of 15 lbs. to the square inch on nil the sides of the cube. If, instead of placing tho cube in a 
vacuum, wo force into it an additional quantity of air equal to that which it already contains, tho 
same pressure of 15 lbs. to tho square inch will bo exerted upon its 3ides ; because in the latter case 
we have doubled tho density of the air contained within the cube. If now on oponing be made 
into tho cubo, the excess of air, that is all that was forced into it, will escape into the atmosphere, 
as a portion of tho contained air in the first case would escape into the vacuum ; and it is evident 
that ra thus escaping, this quantity of air may bo made to do work. This is the principle upon 
which air is made to serve os a medium for transmitting power. The power which it is required to 
utilize is employed to force air into a vessel prepared to receive it; this densified air is then con- 
veyed to tho spot where the power is required, and the force absorbed in causing the increased 
density is reproduced by allowing the excess of air to escape into the atmosphere. 

The compression of air is usually effected in a cylinder, by means of a piston moving within it. 
Tho cylinder is in communication, through a valve, with the receiver into which the air is to 
be forced. This valve is kept closed by the pressure of tho air in tho receiver, and will not 
open to allow a fresh quantity to pass until tho piston has advanced far enough to increase the 
density of that in the cylinder, to equal the density of that in tho receiver. Thus the delivery 
valve of an air-compres.-or is open during only a small portion of tho stroke of the piston. If the 
air in the receiver have a pressure of two atmospheres, the valve will open when tho piston has mndo 
half its stroke ; if the pressure be four atmospheres, the valve will open when the piston has 
swept through three-fourths of its course. The compression of the air in the cylinder is accom- 
panied with phenomena that have an important influence on the economy of transmitting power by 
this moans. 

Let amn b, Fig. 132, bo a cylinder, in which moves an air-tight piBton P, and let the dimensions of 
the cylinder be such that when the piston is at tho commencement, m n, of its stroke tho contained 
air, at atmospheric pressure, may weigh 1 lb., also let this cylinder be in communication through a 
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valve V with a receiver R, in which there is air having a density equal to four times that of the 
atmosphere. Under these couditions there will be a pressure on the valve V of 60 lbs. to tho 
square inch. As the piston p moves forward, the air in the cylinder will be conlpressed. When 
the piston arrives at the position m! n\ the air which occupied tho space a m n b will be contained 
within the half of that space, namely, a m' n' b, and as its density has thus boon doubled, it will 
exert a pressure of 30 lbs. to the inch upon tho valvo V. As the piston advances, the air is still 



further compressed, and its density will have again bum doubled when the piston arrives at tho 
j>obition in" n n . With this density, which is equal to that of tho air in tho receiver, the pressure 
on tho valvo is (JO lbs., so that the pressures on tho opposite sides of tho valve are equal, and tho 
latter is consequently free to open. As the piston act vauees from rn ,, n n to ah the volume of air 
am"n" b passes into the receiver. Thus it will be observed that during three-fourths of the stroke, 
inanely, from mn to the force impelling the piston is expended in increasing the donsity of 

the air in the cylinder, and during one-fourtli of the stroke, namely, from m" n" to a 6, the forco is 
exerted in driving the air through the valve V into the receiver It. 

The foregoing would 1 m* the action of a perfect machine ; but in practice other conditions occur 
to modify 1 lie results. During tin* compression of the air, the air does no work, and consequently 
the force expended is converted into heat. To propel the piston forward from in u to nt n\ against 
tho increasing pressure of the nir, requires the expenditure of a certain quantity of work in tho 
motor. As this woik is done upon the air, it appears as heat, and the temperature of tho air is 
consequently raised. The unit of heat being equal to 772 foot-pounds, the quantity of heat 
generated may be easily computed by dividing by that number tin* work done in compressing. For 
example, sujqiose the area of the piston to lie 144 square inches, and the mean pressure tor a stroke 
of I feet, 22*5 lbs. The woik done in this cast* will be 22*5 x 1 x 14-1 = 12JHJ0 foot-pounds. 
Dividing this number by 772, we have 1 JJJ° - 10*8 units of beat. As this heat is communicated 
to the air, we may readily ascertain what the temperature of the latter will be*, at the end of this 
length of stroke. To consider this question more iully, lot the piston be in the position m'u', and 
the density of the nir, consequently, twice* that of the atmosphere, and let the* temperature of this 
compressed air be that of tho suriounding atmosphere. Suppose now a boely X , having the* same 
temperature and being capable of imparting an indoiinite* quantity of bent, te> be put in communi- 
cation with the cylinder, Fig. 132, and the* piston to bo foiced buck by the* compresses! air to its first 
jM>sition in n. As the* piston recedes, tin* volume of the air increases, and if ne> lie at were communi- 
cated, the temperature would fall, for the* air is now doing work upon tho piston. But as the body 
X is in contact with the cylinder, which is here) assume d to be a jierfect conductor, tho slighte*st 
depression of the* temperature below rf, causes heat to pass from X into tho air, and thus its tempera- 
ture is maintained constantly ut t. During tin* retrocession of ilie* piston, the air expands at 
constant temperature ; and the question to be determined is ; What quantity of heat has been 
abstracted from the reservoir X ? for this is the quantity expended by tho expansion of the nir. 
Tho expansiem curve in such case being a common liyjierbola, it can be shown that this quantity of 
heat = pulo g.rzxct log. r, />, and r, being respectively the pressure, the volume, the difference 
between the specific heats of air at constant pressure and constant volume, and the intio of expan- 
sion, the logarithm being hyperbolic. Thus, if II i epresent tho quantity of heat expended, we have ; — 

H = 53*15 t log. r. 

Suppose now tho body X to bo removed, and another body X, of the same temperature and 
capable of receiving ail indefinite quantity of heat, to be placed in contact with tho cylinder, and 
the piston to be again forced into the position m! /*'. As the piston advances, tho volume of tho 
air is diminished; and if no heat were abstracted, the temperature would ri-e, for the piston is now 
doing work upon the air. 13ufc as the body X, is in contact with the cylinder, the slightest 
elevation of the temjicrature causes beat to pass from Iho air into X„ and thus tho icnqiorature of 
the air is maintained constantly ut t. During the advance of the piston, the air is compressed ut 
constant tenq>eratnre, and the quantity of heat transmitted intoX, is equal to that abstracted fiom 
X ; that is, it is equal to ct log.r. Thus, if Hj represent tho quantity of heat expended during 
compression, we have ; — 


The equality of H and II, is necessary, and it will l»e observed that the quantity of heat If 
emitted during compression, which quantity, as we have seen, is equal to 11, the quantity absorlied 
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during expansion, is the exact equivalent of the work done upon the air in ilie cylinder by tho 
piston. The action of an engine working in this way, is to pump heat from tlio body X into the 
body X. ; and when this view of the action is taken, the equality of the quantities becomes obvious. 

In liio foregoing case, tho air is comprossed and expanded at constant temperature. But if the 
, bodies X and X, are not applied, tho tomperature of tho air will vary. We have now to consider 
tho effect of this variation of temperature. Suppose again tho piston, Fig. 132, to bo in the position 
m m, and tho temperature of the air within the cylinder to bo 60° Fahr. ,* on Iho absolute scale, tho 
zero of which is 401° below that of Fahrenheit, this would read 461 + 60 = 521°. Let the piston be 
forced forward into the position m" n". As there is now no body X, to icceive iho heat due to the 
conversion of the work of the piston upon tho air, tho temperature of tho latter will rise as tho 
piston advances. Tho temperature at tho end, or at any given intermediate point, of the stroko 
may be readily ascertained, by the aid of a table of common logarithms, from tho following 
equation ; — 

Log. T 2 = log. T, + 0*408 log. It. 

in which T, is tho original tomperature, T 2 tho new tomperature. It the ratio of expansion or 
compression, and 0*408 the ratio, minus J, of tho specific heats of air at constant pi ensure and 
constant volume. In the caso under consideratioii, the original temporaturo r I\ is 521° and tho 
ratio of compression is 4. Solving the preceding equation, we have ; — 

log. 521 = 2-7108377 

+ 0*408 log. 4 = 0-2456404 = (0*6020600 x *408). 

log. T 2 = 2-9G24781 

Tho number corresponding to this logarithm is 917, and this is tho tomperaturo of the air on the 
absolute scale. On Fahrenheit’s scale, the rtading will bo 917 - 461 = 456°. 

The impel tant practical question now is ; What influence will this heat have on the work of 
compression? Wo have alruwly som that when the ] listen is in tho position in" n", the pressure 
upon it, due to the quadrupled density of the air, is 60 lbs. to the square inch. But when the 
volume of tho air is constant, tho prcssuie will vary directly as tho temperature. In tho present 
case, the temperature has been raised from 521° to 917°; that is, it has been increased in the ratio 
of = 1*76. Tlio pressure upon tho piston will, consequently, be GO X 1' 76 = 105*6 lbs. If 
this heat could bo retained, no loss of power would result fiom its generation. As in tho compres- 
sion of tho air, work bus bem converted into heat, so in the expansion of the air, heat would bo 
reconverted into work. But in practice, the heat duo to the woik done upon the air by the 
compressing piston, instead of reappearing as work upon the piston driven by the air, escapes into 
the atmosplioie tlnough tlio suits of the rcciivcr, the cylinder, and tho conducting pipes. In 
order to sec clearly liow this lo>s oceuis, suppose the delivery valve V to be closed, and tho piston 
to he held in the position m"n'\ The prcssuie upon the piston is, as we have seen, 105-6 lbs. to 
the square inch. Of this pressure 60 lbs. is duo to tho increased density of llie air, and 105 -G — 60 
= 45*6 lbs. is due to the mcieas< d temperature. As the temperature of the air falls, in consequence 
of the on-ape of the luat tlnough tlio cylinder into tho atmosphere, the prtssine will diminish, 
and tin* diminution will continue until tho temperature has fallen to 60° Fahr., which wo have 
assumed to be that of the atmospheic, when it will bo 60 lbs. to the inch. Thus the loss of work in 
this ease, occasioned by the accumulation of luat, exceeds 43 per cent. 

To avoid this great loss, air-coinpres&ing machines are construct! d to compress tho air at 
constant teinpirafuro. The body employed to take up the heat, the body X 1 in the case already 
considered, is water, lu practice, however, the lesults are far from being so perfect as they were 
assumed to be in the theor< tical caso. It is impracticable so to apply the water as to take up 
the whole of the luat ns fast as it is generated. The most effective arrangements yet adopted 
tonsist in surrounding tho cylinders with cold water, and, at the same time, injecting water, in tlio 
form of very fine spray, into the air that is being comprossed. In somo machines, viator is made to 
circulate through the piston as well as round the outside of the cylinder. It will thus be observed 
tliat tlio efficiency of an air-compressor largely depends upon tho completeness of tho means 
adopted for keeping the air at a constant temperature. It must, however, bo borne in mind in 
adopting such means, that they complicate the machineiy, and may themselves be a source of a loss 
of power. 

We have now to consider the converse of tlio foregoing case, namely, the fall of temperature 
occasioned by expansion of the air. We have shown that when the piston arrives at m"»", tho 
eompressod air has a density of four atmosphcies and a temperature of 917° absolute, or 456° Fahr. 
Let the piston remain in this position until, by tho escape of the heat, the temperature has fallen 
to that of the surrounding atmosphere, namely, 521° absoluto, or 60° Fahr. ; and let the piston be 
then allowed to recede to in n. The question now is ; What will bo tho temporaturo of the air 
when it has expanded to atmospheric density? The equation already given becomes, for this 
ease; — 

Log. T 2 = Log. T l - 0*408 log. It. 

Hero we have 

Log. 521 = 2-7168377 

- 0*408 log. 4 = 0 -2456404 = (0-60206 X 0-408). 


Log. T 2 = 2-4711973 

The number corrcsi>onding to this logarithm is 296° absoluto, or 296 - 461 = -165 Fahr. It 
thus appears that the air which escapes from tlio exhaust parts of uu engine driven by compressed 
air is excessively cold. A practical difficulty arising from this is tho formation of ice in the 
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oxhaust passages. Unless moons ore provided for keeping the parts dear, they may be speedily 
blocked up, and serious delays as well os great incoovenienoe may result, when high degrees of 
compression aro resorted to. Tlio influence of this cold air on the atmosphere of underground 
workings is, however, very beneficial. 

Wo liavo seen that, owing to the imperfection of the moans employed for abstracting the heat, 
there must be a loss of power, duo to the riso of temperature in compressing air. Tho amount of 
the loss will bo greater as the cooling arrangements are less effective and complete. But thero are 
other sources of loss, of inferior, hut yet of very considerable importance. One of these is tho 
elearanco spaces at the ends of the cylinder. Suppose, for the sake of illustration, a cylinder in 
which compression is carried to six atmospheres. When tho piston arrives at tho end of its stroke, 
tho elearanco space contains air compressed into ono-sixtli of its volume at atmospheric pressuro ; 
and it is evident that when the piston commences its return stroke, this air must oxpand into six 
times its volume, that is, it must expand to its original volume, before tho suction valve can open 
to admit a fresh quantity of air to be compressed. Thus thero is lost at every stroke, a quantity of 
air equal to that contained in the elearanco space. To remove altogether tho necessity for 
a clearance space, columns of water have been employed in tho place of a piston, in a manner 
to he hereafter described. These fulfil the purposo wry satisfactorily; but it must be borne iu 
mind that they aro themselves a sourco of lo&s of work, by the inertia which they oppose to tho 
motive force. Such compressors require to bo driven at a low speed. They arc commonly 
described as “low speed ” or “ wot” compressors, those in which a piston acts directly upon tho 
air being designated as “high speed ” or “dry” compressors. It should ho observed that tlio 
contents of the clearance space includes the air in the receiver behind the valve, which air returns 
into the cylinder as the valve closes. This is called tho “ slip” of tho valve, that is, tho quantity 
of air which tho valve, as it returns to its si at, allows to slip back into tho cylinder. When tho 
lift of the valve is high, ties quantity may be considerable ; and when tho lift is very low, tho 
resistance from friction duo to tlio contracted passage may ho great. 

Leakage of the valves and pistons, and tin* friction of the moving parts, constitute sources of 
loss of griatcr or less importance, according to tin* degree of perfection attained in the construction 
of tho machine, and tho htatc in which it is maintained. As these sources of loss tiro greatly 
dependent for their existence upon design, workmanship, and supervision, they are capable of 
be ing redact'd within nanow limits. It is, however, needful to remark here, that the loss of work 
due to the friction of the air in the vulvo-ways, and to the influence of the contracted vein, is by 
no means inconsiderable. 

There is yet another snuicc of loss of motive foice, tlio influence of which is very great, and 
which increases with the degree of eompiession adopted. This souico of loss, which 1ms hitherto 
been strangely overlooked, exercises an important bearing upon the* question of economy relatively 
to this mode of transmitting power, and is, therefore, deserving ol* careful attention. Since Ihe air 
has to he compressed by the application of force, it is clear that tho fi action of that force remaining, 
after the important deductions have been made for the losses already described, cannot bo fully 
lecovered, without working the air expansively down to the pi assure of the atmospln re. As this 
in all cases impracticable, there must always be a loss of work. In the case of machine rock- 
diills, which woik without expansion, the loss is very gnat. 

Compressed air is conveyed in pipes fiom the receiver into which it is forced, to the machines 
in position at tlio various points where operations aro being carried on, throughout distances often 
considerable. In this tiansmission, a loss of work is occasioned by tho friction of tho air in tho 
pipes. Numerous and exhaustive experiments have been made to determine accurately the value 
of the loss thus occasioned. From tlio results of these experiments, the following lliiee conclusions 
have been deduced, namely ; 1, that the resistance is dirictly us the length of the pipe; 2, that it 
is directly as the square of the velocity of flow; and 3, that it is inversely as the diameter of tho 
pipe. Upon these conclusions, foimuhe have 1 m on established, whereby the value of the loss of 
ibico may bo ascertained with ease and accuracy. Thoto formula) show that, for pipes of tho 
diameters usually employed for this purpose, and for distances not exceeding one mile, the loss of 
motive force, due to the friction of the air in the pipes, is of very small amount, wlion the velocity 
docs not exceed four foot a second. As this souico of loss is of little importance so long as tlio 
velocity is kept below this limit, it is unnecessary to discuss here tho formula) by means of which 
its value may bo determined, or to illustrate the method of their application. 

Tho steam pressure required in the boiler to obtain a given pressure in the air-receiver, maybe 
readily ascertained by a simple calculation of tlio work done in compressing tlio air. It is evident 
that if there were no loss of power from friction and other causes, tho work done in the steam- 
cylinders would necessarily bo equal to the work done in tho air-cylinders; tlnrcfoie, when wo 
have found the mean pressure in the air-cylinder, we have only to determine what boiler pressure 
is required to give, with a given grade of expansion, tho same mean pressure in tho steam-cylinder, 
when the pistons of both are equal in art a and length of slioke. When the areas are ditto rent, of 
course an equivalent mean pressuro mu&t be found, But since thero will ho a loss due to friction, 
the mean steam pressuro must be made somewhat greater than the mean air pressure, the amount 
of tho excess being dependent upon the ilegrt c of perfection attained in the design and construction 
of tho engine. 

If the foregoing theoretical considerations luive been fully understood, the respective merits and 
defects of the air-comprcssors now to bo described will lie at once clearly perceived. 

The low-speed or wet compressors, have certain advantages over the high-speed or dry com- 
pressors, which should here be pointed out. By using the water column, the clearance spaces are 
almost wholly avoided, the pernicious influence of which spaces wc have shown to bo very great, 
when high degrees of compression an* adopted. It has been ascertained that when these wet 
compressors are well constructed, and the density of the air is that of three atmospheres, they 
furnish about 00 per cent, of the volume of air, due to the space swept through by the piston. In 



AIB-COMPBESSOBS. 


W 

dxy compressors, such a return as this is never obtained. In the latter machines, there is always 
some loss from the escape of air past the piston and through the stuffing-boxes ; in the former no 
such escape can occur. The water column also tends to keep down the temperature, by absorbing 
the beat generated, a practical advantage of some importance. Finally, there is less wear and tear 
in a wet compressor tnan in a dry one, and consequently repairs are less often needed. The most 
serious defect of the water column lies in the necessity for a low speed, the mass of water in motion 
being considerable. Hence, when large quantities of compressed air are required, recourse must be 
had to increased dimensions. 

The wet compressor was first used by Sommoillor, at the Mont CJenis tunnel excavation, and 
the form which lie adopted has not since been modified in any material degree. A compressor 
of this kind is shown in Fig. 133, from which the construction and the action will be readily 



perceived. It consists of a horizontal cast-iron cylinder in which the compressing piston moves ; 
the piston is, in this case, packed with leather. The cylinder is firmly fixed upon a horizontal 
bed-plate. At each end of this principal cylinder, and in free communication with it, is another 
vortical cylinder or column, which, as well as the first, contains a body of water. Two gun-metal 
clack-valves, faced with leather, open from the outside inwards, and serve for tho admission of tlio 
air ; theso are tho inlet or suction valves. At the top of the vertical cylinders are tho outlet or 
delivery valves. In this construction, wo have upon each of the two faces of the piston moving 
horizontally a column of water of a certain height, which ascends and descends as tho piston 
advances and recedes. During tho descent of tho column, the air is drawn into the space loft free 
by the water ; and during tho ascent of the column, this air is compressed, and forced into the 
receiver. As tho water is driven close up to the delivery valve, there is no clearance space. 
The quantity of water is so calculated that when the piston has arrived at the end of its stroke, the 
column reaches the delivery valve ; a small quantity of water is, however, carried out through 
this valve by the air, aud to replace this, a constant supply is brought in above the inlet valves, 
through a small pipe. This water enters the 1 cylinder while the valve is open. This excess of 
water serves to keep the air cool ; the requisite dogroo of opening of the cock upon the supply 
pipe, for a given piston velocity, is soon ascertained by experience. The compressed air enters a 
horizontal pipe connecting the two vertical cylinders of the compressor. The pipe connecting the 
compressors with the receiver, enters this horizontal pipe in tho middle of its length. Beneath tho 


136 . 



point of junction of those two pipos is a well, to catch the water carried along by the compressed 
air. A small tube conducts the water back to the reservoir. 

An improved form of this compressor, manufactured by the Humbolfc Engine Works Company, 
at Kalk, on tho Rhine, is shown in Figs. 134, 135. In this construction the piston is replaced by 
the plunger, the stuffing-boxes of which are readily accessible, and easily kept in order. Tho 
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position of the valves will be seen in the drawing Fig 136 shows the newest pattern of this kind 
of compressor manufactured by this company This is a very complete machine, and its notion is said 
to be m the highest dogiee satisfactory On the Continent, these wet compressors axo generally used 



CoUadcn's Atr-comprcsso — Coll a don’s air-compressor, the general arrangement of winch is shown 
m Figs 137 to 142, consists of a horizontal cylinder having a hollow piston, the rod of which, 
also hollow, passes thiough both ends ot the cylinder, the suction and disehaige valves being placed 
m the cylinder covers The pcculiaiity in the construction of this compressor, which has been 
adopted at the fct, Gothard tunnel, consists in the means adopted for cooling those parts of tho 
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apparatus which arc brought into contact with the compressed air. Those means, which aro very 
ingeniously arranged, are a circulation of water round the cylinder, and through tho cylinder- 
covers, piston, and piston-rod ; and an injection of water, in the form of spray, into the two ends of 
the cylinder. The circulation of tho water in tho cylinder-covers and round the cylinder, is effected 
by means of a small pump placed at tho side of thq cylinder, tho plunger of which takes its 
motion from tho cross-head of tho compressor pistou-rod. This pump forces tho water through 
copper tubes having an internal diameter of about J inch, into the spaces a a, Fig. 137, cast iu tin; 
thickness of tho cylinder covers, and into tho annular space b b t formed betwocn the cylinder and 
ils outer casting or jacket; tho water passes off through similar tubes situato in tho bottom of the 


cylinder jacket. By this means, a constant 
and regular flow is maintained. The circu- 
lation of the water in tho piston and tho 
piston-rod, is c trried on by the following 
arrangement The piston, which is of 
steel, is bored throughout its whole length, 
to a diameter largo enough to receive a 
copper tube cc, and leave u small annular 
spaw around it. This tube is nearly equal 
in length to the piston-rod, ami is fastened 
to it, at its back end, by means of a brass 
screwed plug, into which penetrates, with 
easy friction through tho glands of tho 
stufling-box, a pipe //, iirmly fixed to the 
cylinder by means of an iron strap <j <j. The 
water, driven by the pump already men- 
tioned, passes through 

this pipe into the tubo — 1 

c o. Having reached (ttL—T 

the forward end of this JLlV^r 

tubo, it returns through Tr y ^ 

the annular spaco left j" * 

between it and tho 

piston-rod, as far as the 9 T F~Z 

diaphragm c, which [ 

consists of a brass ring ^ 

fastened to tho piston- ° t Tvi 

rod in tlio same lino 
as the piston. This XL X "j|| 

diaphragm obliges tho ® j I 

water to pass into the /Jm 

piston, and to cool sue- ITlfc= 

cessively its two faces, 0 

as shown in tho see- U/ L Y 

tiou, Fig. 137. Tho I 

water afterwards es- 
capes through the 
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iudiarubber pipo i, which is fixed to tho back end of the piston-rod. Tho water is injected into ouch 
end of tlio cylinder by means of tw r o small pipes, Figs. 137 and 141, fixed in tho upper part of tho 
cylinder, their ends being closed by a metal disc /, and pierced by two inclined holes opening 
opposite each other, and having a diameter of about one fiftieth of an inch. The water J>< ing foicod 
under considerable pressure through these holes, by means of tho feed-pump, one jet strikes against 
the other, and is thereby divided into very fine spray. The quantity of water to be introduced by 
this moans, is so regulated by experiment, as to keep the air completely saturated. Under these 
conditions, even when the ciiculation in tho interior of the piston is cut off, tho temperature of tho 
apparatus will not rise above 95° Fahr. All tho parts, indeed, remain cool, with a velocity of 
sixty-live revolutions a minute, and with the nir compressed to six atmospheres. In each of tho 
cylinders there aro two suction valves undone discharge valve, formed of very thin plates of steel 
with bronze Beatings, the valves being kept ill contact with tho Heatings by means of spiral springs 
coiled round tho vaivc stem, Fig. 138. The dimensions of these valves aro as follows; Suction 
valves, internal diameter of seating, 4 \ in.; external diameter of valve, 5 in. Discharge valves ; 
internal diameter of seating, 3* in. ; external diameter of valve, 4£ in. 

At the Airolo end of the St. Gothard tunnel, twelvo of these compressors have been erected, iu 


groups of three, on one side of a common driving shaft, which is set in motion by four distinct 
turbines, by means of powerful bevelled gearing. The coupling boxos or clutches employed, allow 
the isolation of each of these four groups with its motor, while by another mechanical arrangement, 
which disconnects the bevelled gearing, either of the motors may be stopped, the corresponding 
group of compressors receiving motion from the common driving shaft. These arrangements 
greatly facilitate tho carrying out of repairs, as they allow of any one group of compressors being 
stopped, without interfering with tho working of any other part of the machinery ; for even if it bo 
necessary at the same time to repair one of the turbines and a compressor belonging to different 
groups, the remaining nine compressors can b© diivcn, as already shown, by means of tho common 
shaft in each group. Tho three compressors o, o\ o", Fig. 142, are fixed side, by sido upon ono bed- 
plate, and connected directly to a three-throw crank-shaft P. This shaft is connected by the 
couplings Q Q' to the driving shafts H it'. On the shafts are keyed tho bevelled wheels $, driven 
by horizontal turbines. 
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The dimensions of the compressors at Airolo are : — 


Diameter of piston 18*1 in. 

Stroke of piston .. 17*7 „ 

The theoretical volume generated by the compressors at each stroke will 

be . .. .. 2*0*3 cub. ft. 

And at each end of the shaft .. .. 3*27 „ 

Which will give, for each group of three compressors, a volume of .. 15 ’81 „ 

At the normal velocity of sixty-five revolutions a minute this will give, 

for each group of three compressors, a theoretical volume of .. .. 1027 *G5 „ 

At a pressure of six atmospheres, which is the ordinary working pressure, 

this quantity will be reduced to 171*27 „ 

The actual volume, as proved by experience, will not amount to more 

than 70 per cent, of the theoretical volume, or 119*9 „ 


The experience gained at Airolo shows that Colladon’g compressor, notwithstanding the compli- 
cation of its parts, and the high velocity at which it is driven, does not require more repairs than 
the ordinary machines with water columns, which are driven at a much lower velocity ; while the 
amount of its effective work will be fully equal to theirs. It is therefore superior to the latter, as, 
on account of its greater velocity, it is capable, with a smaller diametor and a shorter stroke, and a 
consequent proportionate reduction in the first cost, of furnishing the same proportion of air at a 
given prossure. It also possesses the advantage of being able, with a slightly increased velocity, 
to furnish volumes of air greatly in excess of the normal quantity. This advantage, which is 
altogether unattainable in a machine with water columns, on account of the great mass of wator 
which has to be put in motion, belongs, howover, to all those direct-acting compressors in which 
the velocity can be increased, in proj>ortion as the cooling of the air is more completely carried out. 
The importance of this a Ivanlage can hardly be overrated. 

With regard to the complication of its construction, this exists only in the means adopted for 
carrying on the circulation of the water in the interior of the piston and the rod ; and although these 
means of cooling may bo indispensable, in those cases in which wo are precluded from adopting the 
moro simple, direct efficient method of cooling by the wator jets, as commonly used for compressing 
gas, it seems to be proved by the experience at Airolo, where the circulation of the water in the 
piston has not been maintaining the temperature within thoso limits which are favourable to the 
proper working of the apparatus, that if this circulation be abolished, the machine will become one 
of the most simple and advantageous air-compressors. 

Sturgeon's Compressor . — The chief object sought by Sturgeon in the design and construction of 
his high-speed, air-compressing engine, has been to increase the percentage of the useful effect 
obtained from the force applied. This object he has endeavoured to attain, by the adoption of a 
new construction of inlet valves of his invention, which allows him to run his compressor at high 
speeds, without detrimont to his machine, allowing for reasonable wear and tear. 

The receiver and steam-cylinder in this engine are cast in one piece, the air-compressor cylinder 
being bolted to the receiver, on the side opj>osite to that on which the steam-cylinder is placed, us 
shown in Figs. 143 to 145, in which a is the air-compression cylinder, <• the steam-cylinder, and b the 
receiver. A fly-wheel shaft d , is carried by two pedestals, at the other end of the bed-plate or 
receiver 6, and to this shaft are keyed the fly-wheels e c\ one at each end ; the crank-pins //' on these 
fly-wheels are fixed at right angles to each other, and are connected in the usual way to the two 
cylinder pistons. Now, as in the compression cylinder the pressure is smallest at the beginning of 
the stroke, and the greater portion of the work is done in the latter part of the stroke, whereas in 
the steam-cylinder the pressure is the greatest at the beginning of the stroke, and least at the end, 
the setting of the crank-pins at right angles to each othor, enables the sfeam crank-pin to bo in its 
best position to meet the increasing resistance in a similar ratio. It is said that by this arrangement, 
and with oqual cylinder diameters on both sides, the air-compressor has registered, at one and the 
same time, double the steam pressure of the other cylinder. 

To meet the varying requirements of the air-driven machinery in the supply of air, the 
following arrangement has been adopted, by means of which the steam engine is enabled to vary 
its speed automatically, so that when the air-driven machinery is stoppod, the air-compressor may 
likewise stop. 

On the flywkeel-Rhftft d, an eccentric h is placed, which works the valve of the steam-engine, 
in such a manner as to lengthen or shorten the travel of the slide, according as tho pressure in the 
receiver falls below, or rises above, the required degree, which will necessarily correspond to an 
increase or a slackening of speed. A plunger fits air-tight in a recess made in the receiver 6, and 
accordingly as the pressure increases or diminishes, so will the plunger rise or fall, carrying with it 
in the same direction the fulcrum of a lever n, whose centro is accordingly raised or lowered in the 
guides p p. Motion is produced in this lover n rouud its fulcrum, by its upper end boiug connected 
with the before-mentioned rod m. The vulve-lover s, working from a fixed centre, has a projecting 
pin r, gearing into a corresponding groove cut along the longth of the lever n, so that tho recipro- 
cating movement of the lever u is imparted to the valve-lever 8. From this description it will be 
evident that tho more the centre of tne fulcrum of the lever n rises, the moro will the travel of the 
valve be shortened ; in other words, the less steam will be admitted into the steam cylinder, 
whereupon a slackening of speed must ensue. In order to regulate tho pressure in tho receiver 6, 
a sliding weight u is attached to the rod m, which, according to the position in which it is set, can 
be made to maintain the degree of pressure desired in the receiver. When tho centro of tho lever 
» comes opposite the piu r of tho lever s, the motion of the latter is stopped, and the engino 
automatically comes to a stand. 

In order to reduce the heating of the compression cylinder, it is enveloped by a tank, which is 
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Tho construction of the air-cylinder valves, whicli form 
the chief innovation in this type ot air-compressors, will bo 
fully understood by a lefeicnce to the enlarged suction, 

Fig. 115. These valves aio fixed in tho cylinder covers, 
and aie duplicates at each end ; the inlet valvo *t is placed 
in the centre of the cylinder co\ei tu the form of a circular 
ring The cylinder piston is fitted at each end with stuffing- 7 ** 7 ' 
boxes A A, which are securely packed to the piston, so us 
to have a frictional bob' thereon. The inner end of this 
stuffing-box A, is made to ait close on the inner surface of 
tho cylinder cover, when the two come in contact with <. ach 
other. Owing to tho fiiction which this stuffing-box has 
upon tho piston, as the latter recedes fiom one end of tho 
cylinder, the corresponding stuffing-box becomes drawn in 
tho same direction, until its travel is checked by the stop, 
shown in the figure, oomiug n gainst the outside surface of 
the cylinder cover, when tho piston completes tho remainder 
of its stroke. The return of the piston brings the inlet 
valve close on to its inner seating, thus preventing the air 
from escaping out again whilst it is being compressed. To 
prevent these valves from coming in violent contact on 

their seatings, when working at high speed, the crank-pins are further so arranged, that at the 
moment of contact the orank-pin is almost on its centre, or at its lowest speed, and tho valve is 
thus brought gently on to its facings, without violent concussion. The opening of the inlot 
valves is altogether independent of the vacuum formed in tho air-cylinder, inasmuch as they 
owe their action to the driven piston. Moreover, the compressed air is here turned to account, 
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in proventing the valve from opening, nntil the piston has travelled sufficiently far to allow time 
for the delivery valves to close. 

The delivery valves j j are distributed over the whole innor surfaco of the cylinder covers, and 
are in direct communication with the lecciver 6 , through the passage < 7 ; these valves are kept in 
close contact with their facings, partly by means of a spring thrusting inwards, and partly by 
means of the back pressure exerted on them by the compressed air in the receiver b. As soon as 
the pressure in the air-cylinder, acting on the innor surface, becomes gieator than tlio counter- 
pressure, the springs become compressed, or, in other words, the compressed air in the cylinder 
forces its way through the valvo openings and the clear passage 17 , into the receiver 6 , to lie there 
stored. The back pressure on those delivery valves causes them to close again, and tho inlet valves 
arc then ready to open inwards. It will be seen that for the purposes of repairing or cleaning, 
these delivery valves can bo removed, without detaching any fist joints. 

Hathom's “Reliance 1 An-comptesbor , — In this machine, which is made by Ilathom and Co., of 
London, the improvements lie chiefly in tho design and construction of tho valves, by which clear 
air-ways are obtained, and prompt and ccitain action is secured. A reference to Figs. 146 and 147 
will show that tho designers have aimed at and attained simplicity and compactness, qualitios of 
veiy great importance. 

It will bo seen that the air-eylinder, which is in this case 9| in. in diameter, is placed between 
two steam-cylinders, 6 ^ in. in diameter. They all have the same stroko, 10 in.; one crank 




shaft serving for the throe. The middle of this bhaft is cianked for woiking tho connecting rod of 
the air-piston, having discs or fly-wheels keyed on at both ends. The discs are fitted with crank- 
pins, on which work the connecting rods of st< am-pistons. Forming continuations of the crank- 
pins are eccentric throws for actuating the slide valves, so as to avoid the wearing surface . of 
eccentric sheaves actuating in their stiaps. The connecting rods are of the marine type, with 
simple and efficient provision for taking up gear. The foundation plate forms the air-receiver ; 
it is stayed with internal feathers cast in, which lender it capable of bearing any pressure up to 
200 lbs. on the square inch. The hand holes on both sides are for convenience in casting; a 
pressure gauge ana relief valve are also added. 

Besides the simplicity and compactness of the main parts, the valves, both for inlet and delivery, 
deserve attention. The old three-winged valvo, with mushroom top, frequently sticks for one-third 
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of its stroke ; besides, its great weight adds considerably to tlio mechanical power required to drive 
the machine. Again, the cylindrical valve, woiking on a central guide, with a thimble for keeping 
it air-tight, soon woais unevenly and causes the thimble to break. The inlet valve, shown in 
section and plan in Figs. 149, 150, is a cylindrical valve, guided by a central spindle, J in. in 
diameter, and working in a hollow oylindor. The seat is formed by a conical edgo turnod on tlio 
overlapping flange ; while a passage is afforded for the air by a portion of the periphery, about an 
eighth of an inch wide, being turned out, as will bo soon by the drawings. The travol, which 
dopends on the size of the cylinder, is reguluted and limited by sorewing up the nuts on tho 
guiding spindle. For a 9|-in. air-evlindor, tlio valve is If in. in diamotor, tlioro being four arranged 
in each cylinder cover, as shown at Fig. 148 , and for a 12£«m. cylinder six valves of tho same size 
are provided. The valves and their seiting are quite flush with tho insido of tlio oylindor oovei, 
l>emg recessed therein, so that tho piston can come homo within in., wlioreby dead spaco is 
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nvoidul. Any single va1\< can r< adily he taken out if it 
should bocomo clogged, without bunking tlio joint of tho 
cylinder covers ; or one valvo could ho Foiewul up so as 
not to voik, ami the compressor run with the other time, 
without incKasiiig their tiavcl. The vaho ills easily m 
its casings, ami as it is counteilialancc d by the an, the fr o- 
tion is icduced to a minimum. Wlion Ihe piston lx gins its 
stroke, tho inlet valves open by atinosphenc piesbiue ami 
air enters the cylinder. The riturn stroke comprissis tin 
air and foicos it through the two outh t val\< s, which aie 
screwed on to tho top of the cylinder, as will be seen m 
Fig. 14G. One of these outlet or dohvery \alves, with its 
case, is shown separately in vortical section and plan ill 
Figs. 151, 152. It has, as will ho seen, a conti al guide, and 
is slightly coned on its outoi edgo to form the scat. A set- 
screw in tho cov<r adjusts tlio 
tiavcl ; and a '•light spml 
spring, introduced between tlio 
spindle and tho end of its 
guido, sot vos to doftden tlio 
shock on op< ning, and also to 
close it smaitly. 

Tho cylinder is surrounded 
with a water-jacki t, thiough 
which cold watir constantly 
circulates, to take up the heat 
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generated by the work of compression. The air passage is cast on tho top of the cylinder and on one 
side of it, forming a connection with flic* rosrrvoir as short and direct ns possible. There is no com- 
.plication m the fixing of tho cjhndor on tho air-reservoir. Both surfacos are merely planed true ; 
And round the orifice of tho air-passngo a channel is cut in the bod-plate, into which a piece of lead 
wiio, J in. in diameter, is inserted to form tho joint. The arrangement of cranks, tho angles of all 
three being equally divided, is such that, when each of tho si cam-cranks is at tho most cfleclivo 
part of its stroke, the air-piston is exciting its highest effort in delivering tho greatest force of air. 

The Burleigh Compressor — The Burleigh air-compressor is remarkable for the simplicity of its 
construction ; it has boon in use now for a number of ycais, and at some very impoiiant works of 
excavation, the chief of which is the Hoosac tunned in America, where it is stated to have given 
entire satisfaction. An elevation of this compressor is shown partly in section in Fig. 153. It 
consists of two vertical air-cylindcrs, the pistons of which arc diiven by a horizontal engine. 
It will be seen in the section of the air-cylinder that the pistons a are worked from a shaft, tho 
cranks b and c of which are sot at an angle of 180 degrees. The driving crank e makes with these 
an angle of 45 degrees, so that the greatest work of tlio motor piston coirosponds with the greatest 
resistance opposed to the compressing piston. The valves / and g are circular plates, held in place 
f iby vertical guides. The compressed air from tho two cylindors is forced into a common chamber A, 
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wad acted tbenee, through pipe*, to a mum , to take op the heat generated by the work 
ompreaffoo, a jet of water if thrown into the cylinder through the pipe * Thic water serves 
ae a lubricator. At the bottom of the receiver la a cock, which u opened at intervals to 
barge the water carried over into It 

Fowfct Av<omprMor ».-- A pair of air-oompre*son constructed by John Fowler and 0 o m 
shown in elevation and In plan In Figs 154 and 155 Tbeso engines are oouplod together at 


right angle* and nave m*m mm uu tt a steam ia m 

* 70 lha. to the wroore inch and i* out off atooe-fbmth stroke, the air m vm^rnmn* 

to 40 lb* to the square inch above The steam and exhaust rabew *7of the 
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ordinary OotttIA aydHbriusa type, and are 6 la. and 9 fa. to re sp ao ttvc ly. Th* steam* 

valves are worked by ft mm on * boriaoatal shaft, which is driven by mitre gearing from the fly* 
wheel shaft : the es&enst valvea are worked by so eooeotrlo on the same shaft! and are set to close 
at cncwlxteeuth of the stroke from the end. 

The Inlet and the outlet valves of the air-compressing cylinders 0 0 are shown In* Fig. 156, 
which is a kmritadmal section through the airoyl fader and coven, and Fig. 15? Is an end new of 
one cover. The inlet valvee BB are of cast iron with leather flaps , there are three of these hi 
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each cover. TUo two outlet valves P D, also in the cyliuder-<xm*r, are of brass, and have mitre 
faces, U in long, inolmed at an angle of SO 7 to the valve-spindle. Valves made of vulcanised 
indiarubbor, ana brass vahes with common short mitre* and flat faces wt ro tried , but nono 
were found to answer wo well as those shown in the ttgun $. 

These engines art intended to work at twt nty revolutions a minute, or at a piston speed of 
240 ft a minute, and to indicate 482 horse power The regulator valve is set to admit sufl}* 
< lent steam for driving them at tins speed, against an air pr< ssure of 40 lbs to the square im h, and 
they art' thtn sedt-govermng , for should the machine* not take air from the rtc< her us fast as it is 
forced in by the « ngim s tin pw ssurt in the rw * iver, and consequently Uio resistance to bo overcome! 
im roasts, aud the speed is dunimthi d If the engines coiuo to a stand, and n mum standing for sueli 
a length of tune that the steam It ft in the eylindtra lias not force enough to put them in motion 
again, they are started by admitting at* am through n small pipe, loading from the main st<am-ptpo to 
each cylinder-cover ? he air cviimlt rs have water jncki ts ow n at thi top, as shown in Tig 150 , the 
air is forced into tin receiver K, Figs. 151 and 155, which is 5 ft in diaiueUr and 30 ft iu length. 



Kig 158 is of an air-oompressor, designed 
by Kt chard ft brum, of Loudon, and Fig 15‘> 
is an enlarged vn w of an air-cylinder mi this 
principle, out with two valve*. The cylin- 
der a ii 1 , in which the air is compressed, ht 
cast in one piece with the cylinder 6 , through 
which the compressed air ts driven at each 
stroke of the piston ft by the openings t <% 
alternately into the receiver which commu- 
nicates with the cylinder 6, by the delivery 
valve /. When the piston k commences its 
backward stroke, the hollow piston r, which 
works in the cylinder b , is in the position 
shown, so that as the air-piston A travels, 
air enters freely through the opening c\ the 
aifefa the cylinder ts driven through the 
opening c into ft where, being enclosed in 
the apace <% H passes through the delivery 
valve i into the receiver The piston A 
continues its stroke until close to the back 



cylinder omrer, and as there are no recesses or valves in either of the cylimlcr-covers, or In tlm 
mstan UseU; it practically forces all the air out of the cylinder a into the receiver without haw, a 
mature peculiar to this compressor The air-pUtcm k and the steam-piston t move simultaneously. 
There Is an ordinary slide valve fitted to the steam-cylinder, not shown in the figures; this being 
MvevnedL steam enters the cylinder d, and, at the same time, parsing through the port ft reversea 
tha small piston ft which weeks in a separate cylinder on the top on the main steam eytinder. 


f 
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The rod of this small piston being connected with e, oauae* it to be reveraed ^mulUneoaBlv with 
* wnj tUnwe free air to enter a. at the tame time a communication in made between the cylinder* 
a and e. for the air which i* to be compreeaed at the next stroko. A corresponding operation take® 
place during the forward stroke. When the air-piston k and the steam-piston t have arrived at 
the end of their forward stroke, the steam admitted into the steam-cylinder d enters, through 
the port reverses the small piston t, and with it e is reversed, and the machine will be again in 
the position shown. Whim this compressor is not driven directly by steam, e is worked by mecha- 
nical means from the crauk-shaft. Any compressed air remaining at the end of each stroko in 
the space in e cannot be lost, for on owning the passage c to the free air and the cylinder e y a still 
cuts o ft the cylinder h from communication with the free air, and effects a similar purpose at the 
other end. Thus e is never In communication with the atmosphere, but only with that part of 
the main cylinder a or a' in which compression is going on. The delivery valve l moves verti- 
cally, and the air in the receiver being admitted to its upper surfaces it closes freely by the back 
pressure and its own weight. A modification of this arrangement, especially in the larger sizes of 
these compressors, is sometimes made ; this consists in having the space e divided into compart- 
ments, a® in Fig. I5D, with two delivery valves. The air retained in the space e, which in large 
machine* would act detrimentally on the reverse stroke, is hero reduced in amount by one-third, 
while the same advantage is obtained as when the single delivery valve is used, neither of the 
two deli wry valves being ever exposwl to the free air. By effecting the inlet in the manner 
doftcriiicd, the fr«*e air enters the cylinder perfectly cool. It has not to pass through narrow valves 
with the attendant friction and heating, and thus a full volume of cold air at the atmospheric 
pressure fills the cylinder and is compressed at each stroke. Another advantage obtained by 
dispensing with inlet valves, is the avoidance of a partial vacuum at any part of the stroke. 
When the iulet is effected by means of valves, these valv<*« generally open by suction, so that a 
partial vacuum is of necessity produced before the tree air is admitted into the cj Under. When 
springs are used to close these valves the whole cylinder can never be filled with air at lull 
atmospheric pressure, and consequently part of each stroke of the piston is ineffective, serving 
merely to l>ring the air which is to be compressed to atmospheric pressure. Should the inlet valves 
open u\u\ close by friction of the piston-rod or by suction alone, then part of the air, instead of 
being compressed, is lost at the commencement of each stroke, beiug driven out of the cylinder 
befuro the vulv<*s are pr>perly cIowmI. 

As the consumption of air varies wdth the work performed by the machine supplied, it is neces- 
saiy to have a reservoir, in which sufficient air can lx* stored to render the variation in consumption 
inappreciable. Boilers and tanks ure fr« quently usihI ns receivers. Kometimas the base-plate of 
the compressor is ^instructed as a receiver, but this plan docs not give sufficient capacity. The 
recoiwr should be provided with outlet and water-ilinclmigo cocks. 

To convey uir to the work, both cast mid wrought iron pipes aro used. A flange is cast on the 
pifies, and uii itidmruhlier washer secures the joint between the flanges. In some cases one flange 
is groovi d and a ls*ad formed on the face of the other. Where lightness is required, wrought-iron 
piping is used, with careful ly-fltti d flanges. Kuril flange is fitted solid by interposing in a groove 
m the flange, u copper ring between the ihinge and the pipe ; by brazing, the flange, ring, and pipe 
form an air-tight joint. <\mddemble lengths of piping require means to be piovided for the 
expansion and contraction, caused by \nnation in tcnijicrature 

W. Daniell, in a paper rend he foie tlie Institute of Mechanical Engineers in 1874, gives 
some important details of experiments, undertaken for the purpose of determining the proportion of 
useful effect obtained fiom eotmiressed air. The machinery employed in these experiments 
consisted of a 10 in. double-cylinder steam-engine having a stroke of 00 in., and an iiir-cylmder 
ot the smue damn hr, placed behind each steam cy Under, and on the same [piston-rod of 2£ in. 
diameter, the general construction being similar to that of the Fowler compressor just described. 
This compressing t ngiuc was mounted on a receiver 5 ft. in diameter and 24 ft. in length, which 
•enid as a Iwd-plnte. Tho engine worked by the air was an ordinaiy semi-portable engine, 
having two 10 in. c) 1 aiders with 12-in stroke, and a common slide valve cutting oft’ at three-fouiths 
stroke. J he air from the receiver was taken into the multitubular boiler of this engine, which formed 
a second receiver, and was there cooled to the same degree that it would have been if taken through 
a long length of pipes, though prot»bly there was less friction. Tho temperature of tho air in this 
receiver was never mote than •> Puhr. above that of tho atmosphere. This air-engine worked a 
friction brake, and indicator diagrams were taken from its cylinders while disconnected fiom tho 
brake, uud also wlulo running with the load on the brake. The foico expended in compressing 
Uie air was ascertained by diagrams from the steam-eylinders of the compressing engine. Tho 
diagrams were taken at live different pressures of air and steam. Three experiments were mad© at 
jseh pressure, and the moan results taken. These moan results are given m the following Table. 
I he duration of each experiment was aixwt twenty minutes, and no greater variation of air-pressure 
titan f lb. to the square inch took place in the receiver during auy oue experiment The air- 


Tahle, it will l>c seen that tlie power required to compress the air being ascertained by the steam- 

° f U "*’ fDl vffoC ‘ yk>l<3ed by the the fire different 


. , IV e»tit. 

Air preamre 40 lba. gave useful effect 25 -8 

>• - »* *71 

» » *1 .» , . .. 28*A 


. . _ Per cent. 

Air-pressure 24 lba. gave useful effect 84*0 
„ „ „ „ 45-8 


Thr «urft»l eff.«t la arrived at by adding tojUw fotci ahaorbed by tlie brake, the power 
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required to work the unloaded brake, the result being asoertained by taking indicator diagrams from 
the engine driving the loaded brake, and deducting from tboso diagrams the power required to 
work the engine alone. 


Pressure of air in receiver in lbs. to the square inch abovel 

atmosphere .. .. •• .. .. . / 

Mean effective steam premnre in compressing engine in lbs.1 

to the sqnare inch / 

Piston mod in em&preesm^ engine in feet a minute .. 

Uean effective pressure in air-engine in lbs. to the square inch 

Piston speed in air-engine in feet a minute 

Ctrcuiub reniiai speed of brake-wheel in toot a mmuto 
Load on brake iu lbs. . . 


Indicated II P from compressing engine ateam-ty linden (A) 
„ air-eiigme cj ltnders 

II P by load on brake . . { It) 

Indicat'd H P required to drive unloaded brake . .. ((' 

Total H P. yielded by air-tngtue (It -f- 

Penrentoge of useful effect ^100 x 


40*0 

34*0 

28*5 

24 

1 10 

20*3 

25*1 

! 21*5 

19*7 

10*6 

190 

155 

140 

no 

60 

35' 6 

29 8 

21*7 

21*0 

17*0 

108 

104 

i 104 

108 

88 

93d 

901 

901 

930 

703 

418 

384 

280 

224 

( 140 

ft9*4 

40*2 

, 35 8 

25*8 

11*8 

18 .1 

14*7 

12 2 

10 8 

7*1 

12*7 

9*9 

7*0 

0*4 

3 2 

2*0 

2*0 i 

2*« 

2*0 

2*2 

15*3 

12 5 

10*2 

9*0 

5*4 

25*8 

27*1 ' 

28 5 

34*0 

45*8 


The same writer in the foHowiug Talito, the theoretical useful e Ain't obtained from the 
eoinpr* seed air at the flu different pnsstms <mplo\<d m the » xporltuento, us compared with that 
which would bo obtained from th« direct « tnploy nteiit »>t steam, having the same tmtiul pressures a* tho 
compressed air, cut off at tl> roedou rths Mrokt Tin calculation is made on the Hwuiiitptiou that, in each 
case, the air is minprcswd by the tmplovtmmt ot 70 line steam, cut oil ut mto-hmitn stroke m a non- 
condensing tngim The tbcorctxwl mean <ff«*tivt steam pHwnute is then Uf> 8 lbs to the square 
inch, and the weights of 1 cub It of 70 lbs steam Uung taken at 0 183 lb , the t boon tieal us< t ill effect to 

the pound of wat<r oapnnibd is ‘ ~ 1 12 082 foot-pounds in the *l< um-cv Under* of 

the compressing engine The percentage ot u* ful « Am t ruihrid m the him spnndlng engine is 
token from the actual icstdts of the < xjw rum tits given in th< prtMcditig lahU Thus in the c*u»n 
of fompmciscd air at 40 Hw, it la shown in that Initio tlmt the penoiitugi ol usotul <ffirt actually 

2ft 8 

obtained is 2ft *8, coimcqttt fitly tin theoretical us* ful i fleet of the utrat iO lbs is 112 082 x - ^ jk 

29 072 foot-jtouiids to the pound of water eMi|s<r>it< d, and for the other four pit stum* of mr the 
corn K|siiiding r* suits are siiuihirlv arrived at, as giun at K in tin 'I able Th< theor# ti< nl um ful 
effect that would Is obtain* d fi«m the direct * mplovun nt ol sl< am at tin satm initial pie-surf a ns Iho 
eomproMwd mr, and < ut off at three-fourths stroki , is giv« o att* m the Tabb , it is nulculnti «l from the 
following formula, in which V d« notes the nmnU*rot firm* tti« sU am is expand* d, tlmt is, the ratio 
of the tinul volume to the volume at the point of cut oft 1 tt the oxjk runout* the cut off lining at 
thre* -fourths strok*, N - ?. and the hvjs rbolic logarithm of N 0 288 The weight of the initial 
steam a cubic at the different pressures, is gtv< u m the Table, and the initial pr< ssuro Is In tho 
formula expressed m pound* above the atmosphere 


Tseful effect of steam » 


f initial preasim *f 14 7 _ . , . . i 

[ K - T — - x (i + hyp log N —11 7 | x N 

\\ < tghi of initial steam a cubic foot 


It will l*e seen from the results tabulated, that U«e dilative advantage derived from the use of 
co mpresK-d air is greater at the lower pressures 


Pressure of sir tn receiver in lbs to the square inch shovel ^ ^ 2 g .5 2* 0 flO 0 

atmosphere j 

Weight of 1 cubic foot of steam, in lbs 0123 0 110 0 O'M 0*090 0*79 


Tl toli^^ afWtlCP eT# ^^]}2» ^230*ft37 92*U139*326M 


T tto2l!fa, ° f **'* m “ “T iBiUal . prwnj 7“} 59 544 48-808 18 892 

Percentage of useful effect from air compared with steam) < 

fl QOx Z') J 4 *' 8 88 3 81 ( H8'8 


BatoUvely to the eccmomtosl employment of oomp rem ed air, it has come within the experience 
of the Editor of this DtottoMry, that in cooling the sir, and totting it expaod again, tha attainable 
Unit of useful effect to atom* 50 per eent III eompvsasing air, the whole of toe toms exerted to 

r % 
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t a mmetdan appaar* m heat, and this hast expand* the air; *o that a larger volume ha* to be 
expelled then if Die mam temperature were maintained. The remedy for this loss oonsista in 
injecting a spray of cold water into the compression cylinder, to keep the temperature uniform. In 
expanding tiie compressed air, thercmoral of the ice formed in the exhaust passages of the expansion 
cylinder, can Im» effected by the injection of water at the temperature of about 90 °. This water, 
imparting its heat to the expanding air, prev ents the formation of ice, and, combined with the 
injection of cold water into the compression cyliuder, increases the percentage of useful effect The 
injection of warm water into the expansion cylinder has not been generally earned outj but 
transmission of power by compression of air would, with this aid, compete with the transmission of 
power by water. 

ANIMAL CHARCOAL MACHINERY 

The most imjiortant of the uses to which animal charcoal is applied in the manufacturing arts, is 
the ilocoionratum of syrup m sugar refhiorn « Without treating of its action, it m buthc.ent to state 
that after a time the < Jiarcoal oca* s to purify the syrup, but it w found that the properties of the 
charcoal may l>e restored by re-burning it, and apparatus for this purpose form, therefore, an 
trojiortant feature In machinery for refining sugar 

The machinery is of two kinds, ui one of winch the rt -burning is olTccted by passing tho char 
through fixed pipes or retorts, whilst in the otln r revohing cylinders an employ* d, combined with 
appliance* for causing tho material to travel through the retort, external heat buug applied from a 
furnace in < itlier ioim 

Tin commou practice in th© revivification of animal charcoal is to wash it with water m tho 
same tanks, or charcoal filters, in wlmh it had bexn placed for the purpose of receiving sugar 
Jbjuore for filtration, by running water on to tiic lead or the tanks when full of chanoa), and tiie 
water b) persisting through the mass and out at tlm l>ottom is supposed to ptrfoiw the needful 
washing kor tin furtln r reviving of the channel it has Ikh n customary to convoy it in trucks, after 
1)ie washing process, to kilns licutcd by furnaces, in which arc placed cither upright pipes or rotating 
eylindi re, into which while yt t wet tiie char, as it is tormi d, is made to desc» nd, and m which it 
is dru d and sulsss|ui nil v burned or < ah ini d. Wlien upright pijx » arc lim'd in these kilns they are 
tiMessarily of consul* mblc si/e, generally n| 5 to (J m in diauu t< r if round, or 3 to 4 bv 8 to i* m if 
oblong, so that the charcoal, while yet wet and not in a condition to run through small apertures, 
may not stick in tin puss Tin* corns ijui n< o ot using such a si/c of pint is tlmt More the rod heat 
liom the stdi s can reach the o* litre of the mass of char to make it rod hot, it is comp* lied to trnvi 1 
thiough from 1 £ to It in of chare***! forming the exterior poitinus of the mass, and owing to charcoal 
Is mg a bad cmidui toi and triinsimttitig in at slowly, tin exterior portions arc ovtrhurnod la foie tho 
interior m hurm d at all '1 ins ov * rburning of tiie char is v< ry d* trunc ntai, and it curru d to a great 
« xfuit coinphtolv dovtiovs it, and lush char i* rtqmmf When rotmv (vlnuhrsare used m 
tfliu renal kilns the) an Hindi r*d hot, and as tin y lotutc tho c«tra< r or hi av i< r ]K>rtions ot tin char 
roll constnutlv forward ill advaia i of tin mass on to tin nd-hot surface, and as mori or less air « liters 
with tin chart out such <x|H»*«d portions In « onto dceirhntn/cd and spoilt d Nii»scsjiu utlv to such 
re-burning, the eharcud is made to distend wlnh >ct ml hot into nairow sintt-iron chambers 
eaihd tooh rs, win r* it Is < ooIcmI by tho ixtinor air imp ngmg on then outer surfaces, aft* r wliuh it 
is drew a oil at tiie bottom b) hand 

A complete plant for tieutiug tin charcoal, designed 1») Georg* Gordon, is shown in Figs IGO 
fo 1 7:t. 

ico 



ACTUAL OHABOOAL MACHINERY. 

On the left-hand ride of fi*. 101 to «n cleraUan of the driving end, the right aide to a motion 
on the line O H of Fig. 160. Fig. 162 thowe an elevation of tlw leveno end with half the eentri- 
fkigal aim in aeotkxi 

1 in a char washing awl boiling c$ Under of a hexAgnunl form, and placed with it* axi* horizontal 
and divided into throe coinjiartroent* A A. having six largt platen 11 running longitudinally through 
each compartment On the plate* are upright nb*, m t at an angle, a* drown m Fig 161 Between 
the plaice and on themdee of tho cv Under are short rdM, placed so an to throw the char from the food 
end toward* the exit end E E. Fig * 1 60, are flange* div nling tho ^‘ter space Into three compartment* , 
tho flange* on tlie extreme left of tho tigure being tho highest Th<*e flanges are iticciwmvfdy 
reduced in hught. ao that tlie water ma> flow over each F is a hied roller anu Wit on which the 
char < ntorn. (Ms on ^Adjustable feed, 

contorting of a acne* of flat plates, hung tsi 

on centre spindle* betwe in two station t 

ary iron aide idates q q The flat plates 
an connected at tlu Wtom edge by h 
rod, bv whnh the workman ** U tlu 
plates at any angh, ho Uiut the char 
filling upon tlu ni from the plnt< s It, 
whin thecvlindtr rotates, may shout 
forwanl or Wkward according to tlu 
time ho maj d< sire it to lx di tallied in 
tho eyUndir, this cy limit r bus Wll 
mouths, for tlu exit of tho char ut urn 
<nd and of the wall r at the other, it is 
driven by a <hain, and nvolvc* on 
grooved rollers J nt cm* end, and flat 
surface rolh rs y at the of lu r Tin* slut t- 
iron shoots h. reouve th w«t cl ar a« 
it UMfimw from the washing an l Wiling 
r\hnder and con luct it into tlu ci ntn 
fitgnl sievt hopjsrs 

2 is a rsnlritugd mu, consisting 
of an untiular ptrfurahd ring divided 
vertunllv through tlu c»ntie b> 11 < 
plan M ami r< reiving oil tin shaft N 
ibis save is lintd with js l fora ted 
cnpjier pi ite or a ire gauze it is pre- 
vail l with hoppers b, whi h noi\i 
the wit char and nUim it while 1)u 
pn v tousi barge »s drv mg The hopj* rs 
are opt n at tlu bottom* to allow the 
e»mp uts to dr *p into the huvu, Ibc 
ctiitriingul save is provided with 
u mp r« (>, iiscillnting on a shaft 
iV must the char m the *nv< wlun it 
rHjuirt * to In r* mom 1 J» P ur< *jM>uta 
down which the <lmr ro n moved hills 
into the hopj* r» wm h h*d tlu drying 
cvUndtr* 3 4 Hit c ntrifugul snv* 
is provided with a statiouarv ouh r «a** 
to collect tin watt r dm« n ofl from tlu 
wet char, win h tsconluthd awn> hv 
a wash pipt t 3 4 are drying cylin- 
dt rs, made m thrt e parts for c<>n- 
v< nit licit of casting and handling tlu m 
are plain cv limit rs cxtcrmilh, but m- 
Urually ribs urt cast then in, Is mg w 1 
at an angle of from thirty to sixt> 
degree* to a lint drawn across tlu 
erntr* Through tlie ontrt* of thi* 
cv It relent is an adjustable fired f\ whi» !i 
is sum lar in all resjs^tstotln adjustable 
fitd (t (hscnltod with n fen me to tlu 
washing and Waling olindtrl. Tin 
cylinders 8 4 art provided with fe<d 
hofipcrs Q, at Uie b 4 tom of which art Is Sts / /, r» reiving on roll* rs nwroeohd to tlie Imppt rs anti 
rollers q\ attached totlu adjuMabb feed a* shown in longitudinal section of e)bmbr 8, ami t*> a 
similar roller, not shown, in tylindrr4 T, Fig 160 , is a discharge spout for tlie char when 
dry Tbs* cj luster* 8 4 arc provide- 1 with a straight cylindrical nioiithpierv. on whuh in keyed 
a »por-b* >thed wheel l # into which is geared the dnvtr pinion , the m »ti m tnus obtairu d on the 
cylinder 8, t» tmoionitbvi to the cj limit ni 1 and 4 by an endbws t bain, Fig lhl, working In ciiain 
grooves, from a |mlU y on the cyh inter 8 to tbow* on ilia other c>Hn Ur* 7 lu cylinders 8 and 4 
revolve on grooved rollcro at the discharge rod, and on plain rollm at the fe*d < nd TIm vapour 
mated in the prooew* of drying is removed by a pipe m each eyhnd< r, iilawd over the fe<*d rolU r al 
tho teed eod , tlu* pipe, V. enters the floe, the draught of which came* off tho vapour. The exit 
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end* of the cylinders 8 4 are partially closed by atationary plates, fixed to the frame of the feed S, 
these plates having openings at the bottom tojpenmt the exit of the dry char The three cylinders 
are set m brickwork, forming three arches. lire is applied under the feed ends of both cylinders 
84, in the furnace , the current of heat passes them towards the discharge end from x, where 
it ascends to the upper half of these cylinders to y, whero it rises into the chamber of the washing 
and boiling cylinder, traversing it to v and heating it, and finally issuing out at the common 
flue The ends of the bnokwork are closed m by cast-iron plates, to which the earner rollers aie 



attached, and whioh are secured by long bolts, running through tubes bedded in the brickwork, 
and fastening both end plates solidly together. From the drying cylinders the char prooeeds either 
to the vacuum chamber, or to the re-bunnng kiln. 

Fig 163 is a partial section of the re-burning kiln, with its cooling apparatus and the vacuum 
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chamber. Fig 164 is a sectional plan of one quarter, and Figs 170 and 171 also illustrate this 
kiln Fig 165 an elevatton of one of the retort bricks 

The retorts A are of fire-clay, but may be made of iron, with vertical chambers f In wide 4 m. 
long, in divisions or bricks about 8 in. deep. The joining surfaces are grooved and ndged The 
topmost brick but one, Fig 163, is made with greater exterior dimensions than the rest, so as to 
fit together between the retorts and to the lining walls of the kiln at B*, and to the roof bricks i 


165 



supported on th< rctoits The Ik llow buck is aw red by some 
nonconducting mattnals t , and by tin hollow cast irrn plutes v, 
big 170 1 litre is a lining wnll V ot fire brick inside the outer 

wall of the kiln between the walls is a 2 m space 11 k whole 
top of the kiln, exeept the covenng of the outer walls, is carried 
on the rot >rt pipes and the lining wall so ns to secure cquility of 
shrinkage 11 k furnace (* is coven d with fire tiles, which compel 
the heat to iwbh up lx tween the retorts at the openings i into the 
flue k y which traverses within the outer walls, throe sides of the 
kiln Ihe coolers of sheet iron hang uneler the kiln , inside tho 
coolers is a water chamber hied at top and bottom Cast-lion i 
puces w, into which wnt*r pipes are tupped, penmt cold water to I 
enter at the bottom and exit at the top the water thus heated by 
cooling the char, is ltd away to tho washing cylinder 1, Fig loO 
Instead of pipes, this w ite r-chambe r may be made of plate n n 
The bottoms of these coolers are furnished with slides, which 
open or shut holes m the be ttom casting through which tho char 
makes its exit these slides being worked intermittently, and so 
regulated as to retain the char m the pipes the required length 
oi time calculated for burning the char sufficiently 

Figs 166, 167, are a section and plan of the vacuum chamber 
or acid bath tank, which consists of a plain cylindrical vessel with an opening at the top J, 
through which the tank is filled J J are two doors at the bottom by which the char is taken out 



ogam K is a vertical pipe m the centre of the tank with a perforated part p and a solid part K 
alternately, the perforated part being covered with fine wire gauze Insult of the pipe K is another 
pipe L, for the purpose of filling up the space inside wh< n the acid is used M M are annular 


pipes, whch are perforated with fine holes for distributing through the body of the thar an acid 
or alkaline bath, steam, water, or hot air N is a vertical pipe through which these pass to the 
annular pipes , P is a branch pipe to which the air-pump is attached 

The general arrangement of Gordon's apparatus for treating animal charcoal will be seen 
on reference to Figs. 168 to 171, which represent a portion of the char tank room of a sugar 
refinery, and a general plan of the structure containing tho washing, boiling, and drying cylinders 
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and oentriftigal draining sieve, the vacuum chambers and the re-burning kiln and coolers, together 
with the belts which connect the whole for carrying the char and the graduating apparatus tor 
first feeding the belt, all drawn to a scale of about £ in to a foot. 

Fig 168 is a general plan , Fig. 169 a vertical section through the line A B in Fig 168 ; Fig. 
170 a section through the line C D ; and Fig. 171 a section through the line E F. This arrange- 
ment is suitable for a refinery where the char may require an acid bath frequently. 


170 



1 1 are two sets of washing and drying cylinders ; F F are two vacuum chambers or add 
bath tanks; 8 the re-burning kiln, / tne walls of a house containing the whole apparatus; 
$ is the chimney for the flues from both sets of washing and drying cylinders and the kiln, b is a 
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belt passing through the cistern room, which is loaded with char to a regular thickness by a regulator 
loading table ; the char is carried forward and fells off the belt into the washing and boiling 
cylinder ; when the belt is passing over the roller to return, the char is passed through the washing 
and drying cylinders, after which it is emptied into a box a, in the bottom of which the belt b ' 
travels round a roller. The char is carried by the belt 6' to the box a ' into which it falls while 
passing over the roller ; at the bottom of this box is a roller over which a belt 6" passes ; the char 
is again carried by the belt b" until it falls into the shoots in passing over the roller at the top, 
and descends into either acid tank F, or on to the belt marked 6'", which feeds the kiln 3. After 
the vacuum and the acid bath have been applied, and the surplus acid having been pumped or 
drained off, the ebar is taken out at the bottom and placed on the table a", in the bottom of which 
is a regulating feed which loads the belt 4 C, which latter carries the char until it falls upon the belt 
c\ while passing over the roller ; the belt c' now carries the char into the second set of washing and 
drying cylinders, where the acids and salts of lime are washed out and the char again dried, when it 
falls into a box C," Fig. 169, from which the char is carried by the belt up to a box d, which is 
separated from a' by a central division. At the bottom of the box d, the belt e passes over a roller, 
and carries the char up until it passes over the roller and falls down a shoot on to a belt ; over this 
belt arc two dividers or scrapers e ’ e\ which cause the char to fall in equal quantities on each side 
of the kiln ; the char having passed through the kiln, falls from the coolers on to belts /, under the 
kiln, which carry the char and let it fall on to the belt/, this carries the char back to the cistern 
room. 

Figs. 172 and 173 are of an adjustable feed table for loading a carrying belt to & regular thickness 
of char, g is a hopper, having for its bottom a belt moved by rollers g\ which are driven by a rope 
pulley g " ; this belt has on its surface vertical cross bars, which catch the char and impel it forward 
until it drops on the carrying belt b f shown in the general plan, Fig. 168. A slide z in the end of 



the hopper, above the bolt, may bo raised at the will of the operator, so ns to pernyt more char to 
move forward with the belt than tho vertical cross bars actually catch ; the feed may also be regu- 
lated by driving the belt-pulley g" faster or slower. 

Fig. 174 is a view partly in section and paitly in elevations of two retorts, coolers, and acces- 
sories as arranged by Buchanan and Vickess; the main object in these retoits is tho carrying off 
the gases evolved by the re-burning, but they also burn the char very equally. 

a is on internal pipe with diagonal holes b for carrying off the gases formed during the re-buming ; 
c, hoods serving to turn the charcoal during descent, to collect the humid gases eliminated, and to 
keep the holes or perforations 6 free for the passage of such gases into the pipe a; d is a pipe for 
conveying tho gases fiom the pipe a to the flue or chimney. The charcoal is fed through the 
opening e, and after being burned whilst descending through the retort e, is received by the coolers 
and doJivortd to tho measuring boxes g; h are steadying pieces for preventing the charcoal during 
descent from sticking between the retort and its perfo- 
rated tube ; tho space for charcoal increases iu tiansverso 178 ‘ 

section from the lop downwards. 

Fig. 175 represents a longitudinal vertical section; N. 

Fig. 176 is a trausvorse vertical section ; and Fig. 177 a / n. 

sectional plan of a mode of traversing tho charcoal / ^ \ 

through the retort during re-burning, introduced by J. F. / \ 

BrinjoSj iu 1867, Tho general arrangement of those / // \ 

retorts xn the furnaoe is similar to that at p. 104 of this / (/ / ° ° \ \\ \ 

Dictionary. J // / \___jA \ 

A is the body of the retort, and B B are the longi- 1 d J rn I 

tudinal ledges serving as elevators, which are cast on the t~"™ ~ Gs2a° II 

interior of the retort. C C aro inclined deflecting plates t / JJ I 

secured to the stationary shaft D, which is supported in \ \\ JJJ j 

a central position by brackets E, at each end of tho \ Ns. g J 

retort. F is a crank-handle fitted on to the outer ends of \ . / 

D, by which the position of the shaft, with its deflecting V / 

plates, may be readily adjusted to give the dosired speed / 

of traverse of the substances through the retort. For this N. 


stanoes to be treated are fed into the retort from a feeding hopper at H, and are discharged at the 
opposite end of the retort, either into a second retort, or into a volute cooler I, seen in elevation, 
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Fig. 175, and in plan. Fig. 178. The deflecting plates 0, Figs. 175 to 177, tie shown at their 
greatest angle, but if the shaft D be turned more or less within an arc of 90°, any variation of this 





76 ANIMAL OHABOOAL MACHINERY,, 

• 

B. direct on to the bottom of the retort, in which case there would be no progression. Instead of 
fixing the plates 0 to the shaft D, and taming that shaft in its supports, in order to vary the 
acting angle of the plates 0, they may be hinged to the shaft, and their angle varied by a longi- 
tudinal rod m connection with the senes of hinged deflectors. 

The retort in Figs. 179 to 182, which relate to a method of ro-bummg animal charcoal, devised 
by P. T Goodwin, is constructed of cast iron, and is divided into two internal longitudinal chambers 
by means of a diaphragm of cast iron which is placed m the mtonor of the retort , if the retort is 
made of a corrugated form, the corrugations form a series of grooves extending the whole length of 
the retort, and the diaphragm may be fixed by being placed m two of the corrugations ; but for 
ordinary work it is held m position by means of sockets attached to the interior. 



Fig. 180 is a front elevation of tho apparatus, and shows the mode of driving a pmr of retorts; 
Fig. 179 is a longitudinal vertical section of tho same taken through the centres of the retorts ; 
Fig 181 is a back end elevation ; iu these figures the retorts are represented as completely mounted 
and in working order. Fig. 182 shows a transverse sectional elevation of the retort and division 
plate. 

A and B are the tipper and lower retorts plaoed horizontally, and are surrounded by brickwork 
G G, a clear space cc being left round both retorts, for the free circulation of the flame and products 
of combustion from the ftirnace D, which escape by the flues E E, into the main fine F leading to 
the chimney. The retorts are carried on antifriction rollers G G, which are supported by frames 
H H, fixed to the columns H' H. The main shaft J J is carried in bearings K K, supported from 
brackets fixed to the columns H' H ; this Bhaft is actuated by a steam-engine, and revolves in the 
direction of the arrows; Z is a mitre clutch-wheel for communicating the power from the main shaft 
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J to the mitre-wheel Z', which is keyed on the spindle of one of tho rollers on which the retort or 
cylinder rests ; a rotary motion being given to the roller causes the cytindor to revolve ; g q t Figs. 
179, 180, are small oog- wheels keyed fast to the spindles of tho rollers G G. An endless flat 
chain communicates the motion to the rollers supporting tho bottom cylinder. The cylinders 
revolve in the direction of the arrows, and tho speed of working may be v&ned as desired. Each 
retort is shown with grooves M M, Figs. 179, 182, cost on the interior and extending tho entire length, 
in which are fitted loosely a number of diaphragms, N N ; these have projections cast ou both sides 
» a, so that when a rotary motion is given to the retort, they turn ovt r and agitate tho charcoal, 
and from the shape of the projections cause it to traverse from one ond of tho cylinder to tho other. 
The dotted lines show tho relative position of tho projections on tho opposite side of the plate. Tho 
retorts are provided with end plates P. A hod hopper o is tittui loosely into the end of tho 
cylinder A, and is conuoctod to the oharging floor B It, by a pipe. O is a food valve, shown closed, 



for regulating the supply of charcoal. The charcoal, after traversing tho top cylinder, is discharged 
through tho hopper 8 which is connected to the bottom feed hopper 1 by a pipe s. Tho charcoal 
then passes through the bottom cylinder and is discharged through the hopjier U into the cooling 
box V, which is provided with sliding doors at tho bottom V' V'. V is a sight-glass fixed to tho 
hopper for examining the charcoal while being re-burnt. A pipe Y 1S fitted to the top discharge 
hopper S, for the purpose of carrying off tne vapours or gases, and also the dust and finer 
particles given off daring the process of re-burning, these being taken into a chamber, where the dust 
and fine particles are deposited, d is the fire-door, and cT the ash-pit. The division plates N are 
so arranged in the cylinder that there is an open space between each. The retorts may bo used 
singly instead of in pairs, but the latter is the preferable mode of arranging them ; tho top cylinder 
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acting as a drying cylinder ensures the charcoal being thoroughly re-bnrnt in the lower, whilst a 
saving of fuel is effected. ^ 

Fig. 183 is a section of a pair of revolving retorts with Fletcher’s arrangement of fittings; Fig, 
184, plan of retort ; Fig. 185, cross section of same on line 0 D of Fig. 184. 


183. I 



Two longitudinal cast-iron fiat bars B B, of nearly the same length as the retort A fixed ** 
a short distance from its sides by means of cross pieces, so as tb leave a space between their outer edges 
and the inner sides of the retort. One side of each of the bars B B is fitted with a series of pro- 
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jeeti&g pieces OC, pitched at equal distances apart through the whole length of the bars and at 
light angles to their edges. These projecting pieoea are inclined in the direction of the length of 
the bars B B, their lower parts being nearer the discharge end, and their upper parts nearer the 
feeding end of the retort, and serve to propel the charcoal under treatment. The bars BB are 
each provided with a longitndinal flange D D, of the same height as the projecting pieces and fixed 
to one of their edges, the nearest to the side of the retort, so as to leave a space between the flauged 
edge of the bar and the retort, for the passage of the oharco.il, the other edge of each bar being near 
the centre of the relort. The bars B B are fixed at equal distances from each other, and at such 
an angle that when the retort revolves, the bars B B alternately take up a portion of the charooal 
which enters the retort at E, and retain it until they rise sufficiently to make it fall, by its own weight, 
on to the back of the other bar, when it will be distributed over the surface of the retort. At the 



same time the projecting pieces enter the charcoal and carry it forward to the discharge end F, 
where it is discharged through the hopper I, into the retort beneath, or into the cooler or receiver, 
as the case may be. The distance to which the charcoal is advanced and tho quantity advanced 
varies according to the angle and height of the projecting pieces. For the purpose of discharging 
the charooal after it has been brought to the discharge end of the retort, scoops G, Figs. 183 and 184, 
are fixed to the end plate H ,* one scoop only or more than two may be employed. The plate H is 
fixed to or forms part of the retort and revolves with it ; it is fitted in its centre with a discharge cor 
hopper I, round which the retort turns. This hopper consists of a cup or receiver i projecting into 
the retort, and of a circular form where it fits into the end plate at;, and of a pipe J of a rectangular 
form outride the end plate. The charcoal taken up bv the scoops G falls into the cup i, then passes 
down through the pipe J into the retort below it, or if this be the lowest retort, into the cooler. 



within the arch; F, the retorts; G, the furnaoes; H, t nefornaoe aoafsjj i, the **b*Pttj 

top fines leading to the chimney, or to a heating chamber interposed between the Win and the 

chimney ; K, t^p incline shoot, which is intended to be employed for further drying and warming the 


I l\ L 



char, before it enters the receiving hopper L, at the base of which, between the breeches pipes M M, 
is a shut-off flap valve /. with a handle for working it N N are the covers or end pieces for enclosing 
air-tight the retorts, O being the shafts or axles rotating within the retorts, at one end of each of 
which the horizontal tubular junction, or suction, pipes, are shown connected with the exhauster, 
whilst at the opposite cud of each shaft are the mitre bevel-wheels P and F, the latter bang mounted 
upon horizontal shafts K K, which together with the hollow axles are carried in brackets 8 8, 
part of the framing projecting from the uprights T T. IT is a horizontal air-tight trunk, which 
receives the char discharged from the finishing end of oach of the three lower retorts through the 
trunks V. Connecting snoots at the opposite ouds of the retorts connect the upper with the lower 
series. 
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. 190 illustrates a convenient arrangement of the kiln with the apparatus for washing and 


purifying the char by the humid process, as a treatment pd^iaratory to the re-burning, and tho 
arrangement of these apparatus will be readily understood by reference to the Figs. 186 to 189. 

Fig. 191 being a plan of the left-hand poition of Fig. 190. 


CZJ 



Within cacli retort, is placed a shaft or longitudinal axle capable of being rotated or revolved* 
having upon it a seriis of vanes or wings arranged spirally like an endless Mirow, so as to move the 
charcoal forward from the l*tck or noeiving end of the retort to tho front or delivery end. 

The shftfts O are ourriod in Ix^aringH, provided in the covers through and from which they project, 
and on one end they have a worm wheel. 

The shafts are formed of iron tul»es with jarforations along them; the driving end is plugged* 
and tho opposite end has a stuffing lx>x in which it is free to revolve* connected with an exhauster, 
and through this the vapours and gases given off during the heating and tho re-buming of tho 
charcoal are drawn off, collected* and condensed. 

ANTIMONY. 

Antimony ores are generally treat'd either to obtain crude antimony or a regulus, other pre- 
parations of antimony in the market being bye-products of manufactures hot interested in the direct 
extraction of the metal, (,'rude antimony or sulphide of untimony, results from till' liquation 

of grey antimony on*, or stibnite, the residues consisting of the ganguo, chiefly quartz or silicate* and 
containing, after the process of liquation, a high percentage of antimony. The more crystalline is the 
surface of the metal produced, the higher will be the jieroentago of antimony ill the residues, a fact 
long known to metallurgists, but eluding their skill to obviate. The following ex |>erimentH byO H. 
Ilcring* of New York, have been attended with some success, on the largo scale, in the reduction 
of the percentage of metul contained in these residues. 

Antimony ores mny bo considered as ; — 

Rich ores, containing more than 90 per cent, of sulphide of antimony, and ground, for paint, 
without treatment. 

Liquation ores, with 45 to nearly 90 per cent, of sulphide, in nut-sized pieces, used only for 
manufacture of crude antimony. 

Smelting ores, having the same percentage, and obtained by hand sorting or by dressing. In a 
powdered state these are roasted in a reverberatory furnace with reducing agents, and used for tho 
manufacture of regulus. 

Washing ores, low gTade ores, which an* drowned. Tho high grade material obtained must, on 
account of its fine state, go to the smelling ore. 

Metallio antimony may bt directly obtained from grey antimony ore by the precipitation process, 
by smelting the ore with metallic iron, and generally with an addition of Glauber salts ana 
some charcoal powder. In practice the quantity of iron added is generally not more* than 40 parts 
of iron for 100 parts of sulphide of antimony, because in smelting a mixture of sulphide and sub- 
sulphide is formed, and because an alloy of antimony and iron is easily absorbed by the metallic 
antimony. Great care must be taken in adding iron if the ores are impuro and contain either lead, 
copper, or arsenic. The following is an analysis of the material worked ; — 

Per Cent, i Per Out. 


Sk8, 20 40 

FeB 2*87 


CaO 

CO, 

Alkalies, and loss 


Per Out. 
522 
410 
1-69 


A 1,6, 4*65 Total 100 00 

The first attempt to manufacture metallic antimony from the residues of liquation, on a small 
scale* was made by smelting in a crucible in a wind furnace, the charge* being ; — 10 lbs. residue^ 
3 lbs. puddle cinder* 4 lbs. soda, and 50 lbs. charcoal powder. The result was, 1*12 lbs. metallic 
antimony and 3*32 lbs. of sulphide of iron. The antimony was very pure, and it separated easily 
from the sulphide of iron. In consideration of the chemical constitution of the residue of liquation* 
it is necessary to calculate a charge which will easily yield fusible slag in melting, obtained by 
increasing the quantity of puddle cinder, an analysis of which showed ; — 

fVr Gem P»r CmL 

BiO, 18*2 Fe.O, 14*8 

A1,0, 2*7 FeO 61*7 

Fe 10 CaO '4 

o 2 
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The limestone held „ 

“ Pter Cent Per Cent 

6fO t (+ AJgOg) 1*50 CO 43*34 

CaO 55*16 

It follows from the analysis of the residues from liquation that to attain the object in view 8b f S . as 
well as FeS, must be decomposed by iron. Assuming the products to be metallic antimony and FeS, 
the results of this decomposition are 6*088 parts of sulphur, which for the formation of FeS require 
10*654 Fe to be furnished by the puddle omder, an amount contained in 18 parts. 

In the following table line III. contains the sum of I. and II. ; in IV. the metallic iron, as well as 
the oxide of ii on in the puddle slag, is calculated as protoxide. Similarly the entire amount of iron 
in the 18 parts of puddle cinder m 4 has been assumed to have been reduced to metallic iron. 
From III* it will bo seen that the oxygen of the acid exceeds the oxygen of all the bases by 29*753 


frise the slag. Experience has taught that slag with numerous bases, such as alumina, protoxide of 
iron, lime, magnesia, is fusible even as a bi-silicate, when the alumina does not predominate, provided 
the amount of the other bases is six times as great as that of the alumina. The following charge 
may bo recommended ; 100 parts of residues, 150 parts of puddle cinder, and 40 parts of limestone. 
Or, 100 parts of residues, 140 parts of puddlo cinder, and 40 parts of limestone. 

Tho furnace worked regularly, the smelting zone remained m a proper place, the top was cool, 
and tho fumes wore thm, blockish, but became glowing red as soon as the charge sank 1 \ ft. below 
tho top. In the latter case sulphide of antimony and some oxide of antimouy were sublimated. 
Tho product obtained in the first experiment was analysed ; — 


Iron .. .. 

Antimony . . 
Sulphur . . 


Slow Smelting. 

.. 64*31 

.. 27*99 

.. G*G1 


Rapid Smelting. 
60*24 
31*44 
8*03 


Total .. 


When the amount smelted was considerably increased and finally doubled, products wero obtained 
holding from 40 to 61 per cent, of antimony. Tho spoils, or partially reduced metal, grew richer 
m antimony the more rapid tlio smolting. 

The product of tho st ooml tap of the Inst experiment was taken from the mould too early, so that 
a liquid part flowed from it. After chilling it was broken, and it was then found that the moss 
which hud been liquid possessed physical properties difibnug from tlioso of the solid disk. Wlnlo 
tho former had the appearance of a nickel bjh iss, tho fiaeture of the latter was like that of fine-gram 
pig iron. Tho cavities wero filUd with a large number of thm bluish crystals. Both products 
were examined 

Not Crystallized Co v t »lli7Pd 

Iron 45 12 45*88 

Antimony 4G-76 46*13 

Sulphur 8-81 9*03 

Total 100 69 101*04 

Tho residues of tho manufacture of crude antimony may be smelted for regulus in a blast 
fin mice, if the dimensions of the furnace and its appurtenances are well selected, and tho charge has 
lH.cn made so easily fusible, that at least 14,000 lbs. of residue are put through it m twenty-four hours. 


requiring only refining in a crucible. The work will prove easier, simpler, and cheaper if products 
riolior m antimony can be addt d to the residues. Tho following method may therefore bo proposed 
as one practical I V valuabln fnr wnrtrmar raji/liina 1 r r 


IUV lUIUIUt-D. J.UU 1 UUUW 1 U, 

9 °ne practically valuable for working residues from liquation. 
Tho mail rial is first Bmelted in a blast furnace 3*3 ft ii 


Tho rnati rial is first Binolted in a blast furnace 3*3 ft in diameter and 20 ft high, as the 
smallest dimensions admissible. The inner furnace space must bo cylindrical, and tho blast must 
be cimduotod mto it by several tuyeres, at least three. The diameter of the nozzle must be so 
ciiostn that 500 cubic ft of air are blown in at a pressuro of 6 in. of water. This will permit 
ibs. of residues, with the corresponding amounts of fluxes, with a con- 
sumption of 14 per cent, of coke. The loss of metal will amount to less than 10 per cent, but 
?r« C ?S tU i n °^ mbere Rr f absolutely necessary, because sulphide and oxide of antimony volatilize. 
It would also be very advantageous to colloct the molten materials in a movable hearth. Tho 

fT 1 * 00 dRrin S u onty-four hours would be ; 2 smelters, 2 helpers, 
2 chargers, 2 machinists, and 2 labourers for moving materials. The consumption of fuel for the 
generation of steam for 10 horse-power would be about 800 lbs. at a maximum. 

The crude regulus produced by the blast furnace contains more or less iron and sulphur, 
a* 4 ®i?P l ® ibe raw regulus is taken and examined for the impurities 

2^* mfein* ^ P** 6 ^ addition of grey antimonyore is made, and 

•altMhe raw regulus is smelted in a reverberatory furnace. 
Thin A 8 * acoord,n K to circumHtauoes, submitted to refining in a crucible. 

u awootljr with the raw regulus if its impurities do not exceed 2per cent. The 
fato P* 0 ®®* and charged with cinder from refining. If the iron predominate, 

sttKsas wtsaaa ssttSaseiksst 
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— fc», cast after refining, shows the fineness, and oonsumers can safely judge the quality from this 

property. , 

Certain local circumstances, as high price of coke, or absence of motive power, may make 
working in a blast furnace too expensive. In places so situated that lignite or peat and wood only 
can be obtained, a reverberatory furnace is to be recommended, with gas firing apparatus and 
a condensation chatnbor. The charge should materially differ from that for the blast furnace. The 
fluxes require to be very readily fusible, so that the charge would soon be covered by a glaze, thus 
preventing any great volatilization of antimony. If such fluxes cannot be had the condensation 
apparatus must be very extensive. By firing with gas it is possible to obtain directly saleable oxide 
of antimony. The autimoniate of antimony settling near the furnace proper should be reduced to 
metal by coat. 

Another method of extracting antimony is by the wet way with hydrochloric acid. Sulphide of 
antimony dissolves so very readily that any loss of metal caused by incomplete decomposition 
of the sulphide is impossible. The antimony may be precipitated by addition of water, and 
sold or reuuoed for metal; or by other metals, for instance, iron, or zinc. The formation of 
aiscuiurotcd hydrogen should bo carefully avoided, as it is one of tho most violent poisons. The 
eleetrolytical method of reduction may bo employed, on account of the high atomic weight of the 
antimony. Tho formation of explosive antimony takes place under certain circumstances attending 
r<duction by eh'Ctrolysis, but is not dangerous. One disadvantage of the wet method is the gener- 
ation of sulphurated hydrogen in dissolving The latter might bo used for precipitating the antimony, 
tho uppaiutuN being similar to those emnloied in removing arsenic from sulphuric acid. 
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TIm» nxlo of a carriage, whether for road or rail, is one of the chief structural parts, as upon its 
strength depends tho safety of tho whole superstructure, and upon its freedom of working tho 
oeonomy in draught. In any device for making the wear safe and economical there remains tho 
fact that tiie axle has to bear tl o weights of the carriage and the load, and that arrangement of 
axle and box will therefore bo the best in which tho greatest strength and freedom from wear is 
given to this pait. The following ft’e some ot tho most gent rally adopted systems : — 

J. N. Smith, of Jersey, America, employs a universal or ball joint used between the lining or 
bearing and tin* saddlo, one ot the < bjects being to provide for the introduction of these axle boxes 
into the pedestals now in use. Fig.’ 11)2 is a front view of axle box and oiler set in tho jaws of a 
lH»destal of a car truck. Fig. 198 is a vertical section. Fig. 194 is a vertical section of the housing 
and contents. Fig. 19.5 is a vertical cross Bection. A is a pedestal of the common form, fitted by 
drilling holes for tho bolts a a, which secure the brackets B B to the pedestal. The brackets BB 
nio so formed hr to leave a slotted way between them and the pedestal for tho flauges on the 
slide or saddle 0 lo slide up and down in. The glide C is open at the bottom to admit the housing 
I), und has a splieiicnl soat c in its under side to receive the ball d on the housing, and 
form a ball-and-sockot joint, tho housing being free to follow the motions and direction of the axle 
in order to avoid orampmg and bearing. To prevent tho thrusting of the housing out of the 
pedestal by any sudden and excessive side swaying of tho car, lugs or projections are provided 
on the sides of tho housing, which come in contact with tho side of the slide 0 at/ as soon as the 
ball d leaves tho socket c, by which tho motion of tho housing in this direction is confined within 
tho limits of sufety. Should sudden derailment of the truck occur, the housing is prevented from 
leaving tho pedestal by tho ledges or sides f oi the slide C striking the tops of the plates </</, which 
foim part of the bruckets B 11. 

Instead of this provision, the brackets B B are sometimes extended downward, and form hooks 
h h , which will catch tho bottom corners of the housing, and keep it in the pedestal. Swells 
or ridgos i* aro formed on the inner faces of tho brackets B B, to peimit the housing to swing 
slightly around a vertical axis, passing through the centre of the ball joint, and at the same time to 
prevent its swinging or turning around tho axis of the journal. The strap E is cut away between 
the jaws of tho pedestal, obviating the neci&ity which would otherwise exist for its removal. The 
bolts a a are kept from unscrewing by the lock washers//, which are simple sheet-metal washers 
having projecting portions on their edges, one of which projections is turned up against the bolt 
bead, und another down around the corner of tho bracket B. Inside the housing at the top, afid 
resting upon the journal in the usual manner, is the bearing F F. This bearing is of any suitable 
lining metal, and is cast in a cast-iron shell G, having pins or studs k k on its inner surface, which 
incline towards each other, und look or dovetail the bearing to tile shell or backing G. 

When the bearing F F is so far worn away as to require renewal, it is removed and melted off 
from tho backing, and a new one east in its plaoe. To facilitate the removal, a slope or incline 
H is oust on tho bottom of the housing to receive the head of a lifting jack. On operating the jack, 
the incline H causes the housing to roll in the ball joint so as to lift the outer end of the lining 
above the button / on tho axle, aud thon a slight lift of the jack relieves the rear end or heel of the 
lining or bearing, when it may be readily removed, and another substituted for it. The journal I 
is supplied with oil from the bottom of the housing by an endless wick J t which is carried on a 
rocking pad K, to which it is secured by tho spring strap m. The pad K is held up to the journal 
by the vibrating frame L, in whioh it has a bearing n, and it is kept from being jolted off from this 
bearing by the spring o. The frame L is hung on trunnions pp, which rest in half-socket bearings 
qq binned in the sides of the housing, and are held in these bearings by the depending legs r r 
of the stopping bar M. The end of the frame L, which carries the pad K, is forced up by the 
downward pressure of the slide N on its opposite end. This spring slide K is attached to the 
•topping bar V by the bolt «, and is fenced down by the spring t Hinged to the frame L is 
a jumper or feeder O. This jumper has one or more teeth or nooks on one side of it, whioh oatch 
toto the wide J when the jumper is thrown up by the jolting of the truck, and by means of the 
weight of the jumper the wide J is pulled around. Not only is thus secured a plentiful supply 
of-ou to the journal, but also the premature wearing out of the wick by the continual rubbing of tire 
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journal upon it at one point prevented. The stopping bar M is supplied with oil by means of an 
endless wick P, which passes around a tumbler or clack c* so hung in a Blot in the beating face of 
the stopping bar that it has a constant tendency to fall forward, and carry the wick against thoend 
of the axle. Attached to the stopping bar by the bolt $ is a jumper or feeder Q, having one or more 
' teeth d*, which catch into the wick P, when the jumper is thrown up by the jolting of the tmok, 


1W. 193. 



and by means of the weight of tho jumper draw the wick around. Thin ensures an adequate supply 
of oil to the end of the axle, and prevents the constant wearing of the wick in ono place, which 
would occur if the wick should not be moved. 

The opening at the outer end of the bousing is closed by a sliding door R. When it is shut it 
is fastened by a spring bolt ef, which shoots into a socket or recess in tho side of the housing. 
Another socket is provided for the bolt to enter when the door is raised so as to keep it up. The 
door is packed to exclude the dunt. 

At toe end of the housing where tho axle enters it the opening around the axle is closed by two 
dust excluding plates V and V, which are halved together at the centre, and fit accurately around 
the axle. The edges of the plates in contact with the axle are enlarged so as to form a ring of 
considerable width and thicknesa. The plate U is held down and the plate V raised, so as to keep 
them both in contact with the axle by springs, which are fastened at one end to the plates and 
at tho other are held in notches in the side* of the housing. A flat plate or spring, having its 
upper edge so bent as to lie closely against the housing and exclude the dust, is rivetted to the 
plate U. 

In Fig. 196 the improvement is represented in its simplest form. By this construction the 
brackets are dispensed with. The momentum plunger L is tnbular, to convey the oil raised by its 
vibrations to the height desired. This tubular plunger is placed in a vertical aperture or recess in 
the stopping bar M. - 

The plunger has sufficient weight to secure the necessary momentum, and to render its vibratory 
motions sensitive and effective it is partially or entirely supported by a Bpring. Its upward move- 
ment may be limited by its upper end striking the top of the housing, or by lugs or projections o, 
Fig. 196, from its sides, sliding in vertical grooves in the surrounding well or holder. The lower 
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end or bottom of the plunger fits quite closely, but so as to move freely in a well or barrel N, which 
extends downward from the stopping bar or other support into the oil reservoir in the axle box. In 
the lower end of the plunger is a valve chamber, in which plays a valve of any suitable construc- 
tion to allow tho oil to enter the plunger from below and prevent its escape from the plunger. 
Thus whatever oil is once forced into the plunger by its sudden descent into the liquid below must 
be forced through the tube or passage of tho plunger and discharged through a side pipe or spout 
near the upper end of the plunger. 

For any ordinary axle, W. N. Morrell provides grooves which are made to run either diagonally 
or spirally from points from which the oil can be taken to the working parts of the axle, and a box 
or bush for the axle which, when tho wheel is in motion, revolves on the axle, Fig. 197. The out- 
side of tho largei end of the box or bush is screwed, or has a thread cut to receive a washer or cap. 
The smaller end of the box or bush is also screwed, or has a thread cut to receive another washer 
or cap. The large screwod washer is placed on the axle behind the ordinary fast collar and the box 
or liush in tho front of tho fast collar and covering it. Tho washer is screwed on to the large end 
of tiio lx>x or bush, packing bt mg placed between it and the axle. By this means all the back lash 
caused by tho wearing can he taken un ; also in a case of breakage of the axle m tho front of the 
collar the bush or box on which tho wnual is placed is kept in position and cannot drop off. Tho 




M'icaod waslur at tho am ill end is made taper, and 
by it tho liuvo of the whocl is kept tightly fixed on 
tho hush or box. 

A. Osenbiuek, of Hemolingen, Germany, over- 
comes tho evil anaing ft cm tho friction hi tween 
riulway ear wheels and rails in passing round curves, 
and improves the means of lubricating the bearing 
or journal surfaces of such wheels ami their axles 
by the arrangement Fig. 11*8. Tho axles aro fast 
and the wheels revolve loosely on them. 

Fig. 198 is a vortical siction of a railway wheel and axle. Tho wheel boss is forced into the 
wheel by hjdmulic imssuro, a wrought- iron ring being then shiunk on. Tho nave is in front 
surrounded by a ooneentno case, closed oil-tight by au end cover v, tho space t between this 
case ami the front purt of the boss forms tho oil-supply or centrifugal chamber. At the back or 
inner side ot tho wheel boss there is another concentric, but smaller, casing, closed oil-tight by a 
packing ring forming joint with the axle, the space within forming the oil-collecting chamber. 
The oil supply chamber t and tho oil-collecting chamber are united, by one or more passages 
slanting from tho tatter to the funner. Tho collecting chamber is made sloping inside, increasing 
m diameter towards the opposite side of the wheel, and tho slope of the connecting passages to the 
front or centrifugal cliuniber I, is made less than that of tho oil-colleoting ohomberThe axle is 
formed with a central chamber, which may bo filled with a filter or filtering appliance. The 
central chamber m Uio axle communicates by a passage with a catch tubo tokened to the axle 
itself, or to a ring or disc screwed on to tho axle This tube roaches nearly to the greatest inside 
diameter of tho supply clamber (, placed in a vortical position. Its mouth is splayed in both 
directions of revolution of tho wheel, it lias also a cab h basm . beneath tho mouth Lotimunicating 
with tho interior of tlio tube. The central or filtering chamber is oonuected by several holes n will 
t he journal to be lubi mated. 

ftOPCW 

proforal . u ugu x 

sumdiod to tlTeoil-aupply chamber i by taking off the front rover ». "This cover thenis closed “i'l- 
tight. From the inner side of the nave, oil tv cape is prevented by a leather ring fitted to the nave, 
and forming mint with the surfeoe of the axle or with a oollar. The axle has also a groove 
between the leather ring and the journal; the groove ia flat or broad at the bottom, andwtih 
a sharp edge, the front sidebeing vertical and the back sloping. Or, instead of a leather ring.a 
ring of loud, with a alight addition of antimony, may be cast on the axle, and formed with oneor 
more groove*, the edge of the nave running on this hard lead ring 

The supply or coutrlfugai chamber e, Las in its inner circumference receptacles in opposite 
directions. The object of fliese s to ensure lubrication even at the slowest speed, where thekentri- 
fngal power is not auffleient to .distribute the oil all round the inside of tfieehamber t, andtiras 
enable the tube » to catch it, The catch basin on the catch tube is a little vSer than tk* 
rcoeptaclos, and of suitable length. When the railway wheel revolves slowly, all the eight 
receptacles arc filled one after another when in their lowest position ; four empty th emsel ves again 
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immediately, but the other four carry their oil up and empty it into the basin i of the c&toh tube, 
whence the oil flows into the tube and thenoe to the filtering chaml>er. The filter oonsists of a 
perforated tube surrounded by wire gauze and flannel. After it has been inserted into the central 
chamber in the axle the opening is closed oil- tight by a stop screw. 

By these improvements there are sought to be attained & reduction of vibration, with its 
consequent moleoular changes in the nature of the axle, whereby the metal becomes crystalline in 
its structure, a primary reduction of friction of the wearing surfaces in oontact, a secondary 
reduction of such friction by the diminution of the vibration, and a consequent reduction in the 
wear and tear of rubbing surfaces. By the use of a soft metal bush in the nave the evil aribes that 
this bush quickly wears larger in diameter than the bottom wearing surface of tho axle, and the 
surface of oontact between both is much reduced, and boat and undue friction and wear result. By 
the improvements described, tho area of tho wearing surlace of nave and axlo are little riduood, tho 
wear being practically only in tho nave. The proportion found most suitable i» to make tho width 
of the axle bottom wearing surface about three- fourths of the diameter, and to make tho length of 
the journal about two and a quarter times the diameti r at least The wearing surface of t ho revolving 
nave is formed with a hard surface, for which purpose it is busliod with a cast-steel bush, or tho 
nave cast on a chill, and afterwards, if required, ground true, the corresponding axlo journal part is 
formed with a softer suiface, for which purjxise it is coated with gun metal, bronze, or other alloy. 
This soft metal coating is shrunk firmly on to tho axlo, and may further bo prevented from 
turning or becoming loose by the sot screw, preferably inserted endways iu Bhaft and coating, and 
by a feather or key. Fig. 199 is a sectional view of tho coating. 

The journal of the axle is for about throe-fourths of its length turned eccentrically, having its 
eccentricity towards tho top, the remaining outer fourth part being concentric with tho inner 
shoulder of the axle. Tin* coating of the axle has a flange inside, working against the cast-steel 
bush of the nave, and has tho greatest thickness below, whore the wear is greatest, and its outer 
fourth part is a ling, but the remaining three-fourths have the greater portion of the upper half left 
out. The holes from tho central or filter chamber terminate at tho cavity or space thus formed, and 
a plentiful supply of oil is maintained here. Tho wearing surface at tho bottom is only about one- 
fourth of the circumference, in order to dhvo unnecessary friction. 

Fig. 200 is W. H. Llewellyn’s wheel for colliery trams. This wheel is cast with an oil 
chamber a surrounding the nave or boss, tho coro from which chamber, after casting, is removed 
through openings cast in the side of the chamber, and which uro subsequently tilled up with 
closing pieces leaded securely in position. Tho arms and rim are cast together with tho chandler a, 
into which the oil or lubiicant is introduced through a hole c, under which is u troiigh-shnjKil 
space, in which is fitted an indiaruhlx r thimble valvo d , which is depressed by the oil can 
spout when filling the chamber a to allow of tho oil entering, and which expands and closes tho 
hole c upon the cun being withdrawn, and prevents the oil escaping. 

The lubricant or oil obtains access to the usual chamber, cast in the inner periphery of the boss 
and surrouuding the shaft or axle, through one or more orifices ft cast in tho boss, and m which 
headed needles c work up and down by the travelling motion of tho wheel, and prevent tho 
thickening of the oil; tins may also lie effected by sponges, or by means of flannel or any woolly 
substance placed in the orifices ft, and kept hi jnisition by tin clips. The needle < is mm rlcd through 
a hole, which is afterwards closed by a hard plug of wood width ri gulaUs the travel of tho needle. 



Figs. 201 and 202 are of K. Partridge’s axles and axlo boxes for wheels of 
rood vehicles, the improvements being mainly applicable to those axles well 
known as old splid collar or Coflingc's. The object is to secure wheels upon axles, 
that they cannot leave tho vehicle in case of breakago or other cause. Fig. 201 
is a view of a divided ring, formed by the two halves connected by an inter- 
mediate strip, so that the ring can be opened out to facilitate it being slipped 
into position after a wheel is upon the axle, but not full on as when ready for 
running. This ring, which may be solid or unbroken, lias a screw thread cut upon its smaller 
exterior periphery to engage into a thread in the inner periphery of the solid or fixed collar of the 
axle to form the attachment of one to the other, the ring being held rigid against the frictional 
oontact or action of the wheel by a screw stud. The face of the ring, from its larger periphery, 
abuts against the inner lace of the hub or nave, while it rotates upon the axle, and serves in a 
measure to steady tho wheel. .. . 

The internal periphery of the ring is tapered or inclined for about one half of tw width. 
Fig. 202. This angled portion terminates in a horizontal part, which finds a lodgment or bearing 
against the horizontal part of the ring, so that the two surfaces, the angled and the horizontal, act 
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in unison, and the wheel is prevented leaving the vehicle should the axle break from any cause 
outside the shoulder, where axles generally do break, consequent upon the length of leverage 
of the free end of the axle arm, the fixed point or fulcrum being at or near the inside of the 
shoulder. The horizontal part of the axle box is also sufficiently broad for its inner periphery to 
take a Wring upon the axle shoulder, and this serves or assists to serve to steady the wheel upon 
the axle, the box being kept up close to the leather or other packing washer by the ring. 

T. E. Dixon, of Chicago, has devised a means of furnishing a railway car axle, simply and 
cheaply constructed, which shall revolve as in the present system, but upon which the wheels are 
loosely mounted, to avoid the torsion, or twisting and slipping, occasioned by running on a curve or 
irregularity of the track. 

There is forged near each end of the axle a bearing larger than those at the ends, upon which 
the wheel is slipped till it % strikes a shoulder raised around the inner end of the bearing, and is 
retained in place by a nut or cap screwed upon the axle till it strikes against the wheel. Thus 
constructed, when there is no irregularity in either the wheel or the track, the wheels will not turn 
on the axle, but wheels and axle will turn together on the smaller bearings at the ends iu the oil 
boxes, in obedience to the mechanical law that a wheel free to move on either of two bearings, 
one larger than the other, will always turn upon the smaller bearing. When a curve or other 
irregularity is encountered, while the same motion of the axle is maintained, one or both of the 
wheels will turn on the axle just sufficiently to overcome the irregularity, 
instead of slipping on the truck as when fustened rigidly to the axle. The 203, 

ml vantages of having both the wheels loose is, that in turning a curve, 
while one of the wheels is pressed by the track so as to hug the axle 
tightly at the bearing, tho other is left free to turn easily. The wheel 
is constructed with a hub projecting upon either or both sides, so as to 
give a larger bearing surface and bettor resistance to the effect of blows 
and concussions. The nut or cap extends from tho wheel down near to 
tho inner end of the outer bearing of tho axle, and holes or grooves run 
diagonally through it or the axle from the oil box to tho wheel. The oil 
escaping along the axle from the oil box is carried through these passages 
to the wheel. In Fig. 203, tho axle has the usual outer waring E, and an 
enlarged inner bearing 0 of double the diameter of tho outer bearing, and 
of suitable length to fit tho hub of tho wheel. D is a rim or shoulder at 
the inner end of the inner bearing C, with an elevation of } in. or jf in. B is the wheel turning 
freely upon tho bearing C, and held in place by a nut or cap, which iB screwed upon the axle, and 
prevented from turning by a screw or bolt passing through its sides into the axle If preferred, the 
ends of tho hub of tho wheel may bo grooved out, so as to fit over either or both tho shoulder D 
and the nut or cap. The elevated 

shoulder D, and also tho bearing 0, 204. pv ^ 

aie of greater diameter than the body 
of the axle, thus, with tlio least weight 
of iron, giving tho greatest strength to 
tho axle at the point whero fracture 

usually takes place, and the better ena- jjfl ^ 

blmg it to resist tho effect of blows and 

concussions coming through the whoel. f | 

(3. W. Milriinore, of Wisconsin, has or n 

effected improvements m that class m NB I 

of railway-carriage axles, in which a "' liT ’ J r nm ' . ’ " Jr 

stationary inner and a revolving outer 

wheel carrying axle or sleeve are so B J j 

employed, that the lubrication of the rrypiwW* 

journal box from tho oil reservoir is )|||||i 

accomplished to the exclusion of dust. W|||n 

tho drip oil collected. Tho journal 
box is allowed to oscillate in tho 

stationary axle to conform itself to |||| 

a true bearing throughout according >||J 

to tho spring of the axle produced 11 

by the weight of tho carriage. An 
air-tight oil reservoir on the pedes- 

tal box is connected by a longitudinal jlr 

and vertical channel and vibrating * JpL 

feed pin in the stationary axle wifcii i 

the revolving journal box. An oil- 
tight joint between the pedestal box 
and stationary axle is formed by a cork 
disc, washer, and hollow screw plug. 

The lateral motion is taken up between 

the nut and the stationary pedestal block. The rotating journal box bears by a central annular 


the nut and the stationary pedestal block. The rotating journal box bears by a central annular 
convex part and slightly inclined ends on the correspondingly shaped outer Bleeve and ring to 
provide for oscillating motion. The surplus oil is collected in a drip chamber by means of an 
annular rim or bead of the closing nut of the outer axle. The outer axle or sleeve is made of cast 
and wrought-iron sections oombined. Fig. 204 represents a central vertical section of this railway 
oarriage axle, in which the stationary axle is rigidly connected with the spring or pedestal bearers 
B, by horizontal looking pins a. The revolving outer axle or sleeve is made of a laterally oon- 
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nesting wrought-iron eeotion with end lipe and wheel cafffying sections oest on The journal box 
P revolves with the sleeye on tho stationary axle, and is lubricated from an air-tight oil reservoir 
E, of the pedestal box, the reservoir being connected with the journal box by a horizontal channel 
6, and a vertical channel in the stationary axle. The vertical channel extends above the horizontal 
channel, and feeds the oil by a vibrating spring piu to the journal. The oontact of the feeder pin 
with the revolving journal box during the motion of the cariiage keeps the pin continually in 
motion, and admits small quantities of air into the channels, and to the oil receptacle. The 
vibratory motion of the feeder pin furnishes mechanically a small air supply to the oil receptacle, 
and allows the feeding of a corresponding quantity of oil, which increases or dtci eases m proportion 
to the speed. When tho carriage is at rest the oil ducts or channels are filled with tho oil, but the 
air Bupply is discontinued, as the feeder pin is also m a position of rest, and supplies no air, so 
that the oil is held suspended by the partial vacuum in the oil rereptaclo and pi evented from 
running out. The surplus oil of the journal box passes out through a closing nut or cap F, 
screwed to the sleeve and encircling the axlo. An annular rim or bead of the cap F conveys the 
drip oil into a chamber or receptacle B 1 of the pedestal box below tho axle, from whence it may 
be drawn off by a screw plug. An oil-tight joint is formed b< tween the pedestal box and stationary 
axle by a tapering cork disc and washir and j>erforated screw plug preventing tho oil from 
passing in or out between the pedestal box and axle. A loose steel collar or ring h is placid on 
the stationary axle between the .pedestal box and the revolving screw cap of the outer axle, to 
provide for tne wear cause d by the lateral motion of tho carriage which is taken up between tho 
pedestal block and screw cap at that point. The journal box 1) is made with a central convix 
l»art, and slightly tapering end. Tho outer axle oi sleeve rests on it by a corresponding annular 
concavity, and an outer ting. The sloeve and ring arc arraugt d adjoining to the annular concave 
parts, with slight outwardly inclined parts, which form, with the tapering ends of the journal Ikix, 
narrow annular spaces that provide for the oscillating motion of tho journal ln>x, when the weight 
of the carriage causes tin springing of the inner axlo The journal box is always 111 full contact 
throughout its entire length with the inner axle, and conq Hilled to w< ar out evenly. 

Figs. 205 to 210 show a form of radial axle box design* d by 11. W. Wnlmark, of Bristol, and 
described by him to the Institution of Mechanical Kngim< rs in 1877. These axle Ijoxoh are made 
with the curvilinear sides and girders, common to English practice, which allow of both latirul and 
radial motion of the uxle, lmt obviates certain difficulties of construction nnd use. 

Each pair of girders G (4, always cost in one puce, whether fixed to tho main frames of tho 
engine, as m Figs, 205 to 208, or to cross frames, as in Figs. 200 to 211, is distinct from the other, 



and is bored to a cylindrical surface, tlte axis of which is in the same line as the spring. An inter- 
mediate guide or box 1 1, the outer surface of which is turned so os to fit easily into the outer guide, 
can have a turning motion round its axis, and also an up and down motion, os may be required 
by the elasticity of the springs or the roughness of the road. The sides of the inclined passage 
through this piece are planed, and serve as a guide for the axle box proper to work in. Both the 
outer and the inner guides have their lower forks connected by horned stays H H to prevent springing. 

The axle box B has planed parallel sides, and is free to slide in a direction which is rectilinear 
and horizontal, but inclined to the axle of the wheels. The box at the opposite end of the axle is 
inclined in the opposite direction, as in Figs. 208 to 211 ; so that when the wheels and axles 
deviate towards one side in consequence of the curvature of the road, the axle is simultaneously 
set in an oblique position to the engine frame, but radial to tbe road, one end being advanced in 
relation to the frame, while the other is drawn back by the inclined form of the axle boxes and the 
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intermediate guide*. Moreover, at the sfik* of the axle boxes are parallel planes, and as there are 
no flanges, the axle boxes are free to turn round a horizontal axis which is at right angles to 
these side planes. Thus one axle box may rise and the other fall in the guides, as required by the 
state of the road. This very necessary motion is prevented when the sides of the boxes form parts 
of circles, fitting to corresponding curvilinear surfaces on the guides; such boxes move freely only 



when they both stand tho same height in the 
guides, but would be in danger of jamming and 
fixing the axle if the oscillation of the engine, 
or the irregularity of the road, made one box 
nse more than the other. 

In Fig. 205 is seon a frame with its guides 
in such an inclined relation to the wheels, axles, 
and radial axle boxes. In Widmark’s design 
< ach axle box system becomes a universal joint, 
for there is a vertical turning of tho inside 
gnide in the outer guide, a horizontal turning 
of the axle box in the inner guide, and &1bo 
tho turning of the axle box round tho axle. 

There is, thus, no possibility of the axle be* 
coming jammed in the guides. 

As in this design the axle box travels in 
a direction which is rectilinear, it is easy to arrange inclined planes on the top of the box, and 
oomsponding inclined planes on a sliding piece J, Fig. 205, which is held by the inner guide, and 
takes the thrust of the spring. By this means an elasticity is given to the axle, or a tendency to 
come book to a oentral position when not constrained by the curvature of the line. On a straight 
line, the axle is locked oy the inclined planes just referred to, so that it becomes parallel with the 
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other axles, whereby friction Is prevented between the wheels and mils ; in this way the engine is 
also steadied, the swinging action of the cylinders bei“ prevented. One system of six inclined 
planes is shown in Figs. 205 and 208, and another system with but three planes in Figs. 210 
and 211. In the first, the inolined planes are entirely above the box, Fig 205, and are lubricated 
by separate oil pipes and grooves; in the latter the inclines are plaoed over the box, Fig 210, but 
at a loser level, so as to bo surrounded by the upper flanges of the box, and are always immersed in 
a bath of oil, which is covered in and guarded from dust by fixed and sliding covers. 



In the case. Fig. 216, instead of the two ordinary indc pendent axle boxes for the leading wheels, one 
on each side or the engine, there is only a single long axle box, m the form of a plain cast-iron girder 
A A extending from side to side, and forming in plan a circular arc struok from a point hair-way 
between the driving and trailing axles. Two corresponding curved wrought-iron plates B B, bolted 
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to the engine mein frames, encaee the mired axle box at front and back, without any fitting, 
the tpaoe between the two platen B B brag about j in. wider than the girder A A which works 
between them. No fitting in required, and the axle box and plates have little wear, as a trifling 
slackness is of no consequence, for when the engine is running forwards the axle box presses against 
the front plate, and When backwards against the other plate. An ordinary brass bearing is fitted to 
each end of A ; and a spring pillar bears upon a plain footstep C, sliding upon a flat surface in the 
grease box or top of the axle box. The aide box being a rigid girder from end to end, the pressure 
upon the journals is not affected by the spring pillars sliding laterally with the engine frame, but 
is very much the same in any position in which the engine may be on a curve. The difficulty of 
lateral oscillation is counteracted by putting side controlling springs. 

Thero is a centre stay across at D, this ties the front plate to that behind ; and on each side 
there is a stay across the axle box at E E, a bolt passing through the three stays, the hole in 
the middle one is sufficiently large to allow of the play of the axle box. The bolt carries a pair of 
indiarubbcr buffing springs 8 8 on each side of the centre stay, and these are regulated so that 
about half a ton lateral pressure against the wheel flange is sufficient to throw the engine over 
towards either side to the full extent of the lateral movement allowed. 

Fig. 217 is of a practical method of fastening colliery tram wheels to the axle and means of 
lubrioution. COO are oil chambers, D D wrought-iron loose collar, S set screw closing inlet holo 
for oil, A wrought-iron collar welded on shaft. 

Figs 218 to 221 are of an oil axle box designed by E, Beuther, and largely employed on the 
Bergisch-Muerkischo Railway and other continental lines. The maiu features are the drawing up 



of tho oil by capillary attraction /^v 220 

from bolow to ootton pads, so j ® 

hinged agoinBt the journal as lSfrH * [ J] 224 * 

freely to adjust themselves to it jpT == - j I — ng 

by gravity. The spent oil is led || j|jg j'-x jBjHjJJ 

into a contral reservoir below, JI |||8 ft )} i.O) 

where it can deposit its abraded fe jjjjjjj r N i m [if )l|Kj5| 

metal and grit. A cast-iron oover g JBBffiL 

is flttod to tho box, which is cast 

with lugs to receive the hinges 1 ; I* j t J 

of tho brass padholders. From g . ~ - . -y r-a » «• |:t| rB 

'four slits in the back of each & JL JJjLrl 

holder there hang down as many u LiCS TT J J ^ b 

siphon wicks, dipping into the 32l 

main resorvoir below. Any ex- ' /H| ppp| ^ 

cess of spent oil drops from the aw> 223, J S „ 

axle into tho central wrought- , * i 

iron cup, which communicates 
with the main reservoir by holes I u I 
at its upper end, so that it forms I III 
a separation of any impurities. IjES^U 
The joint between the axle and HM 
the box is made by two separate Rgigol 
slips of wood, fitting tightly on IfSBM 
the axle, and made to bear verti- ajSIPjr 
cally against each other by 
means of a small spring below, . 
so that all wear in the only di- 
rections, above and below, in 
whioh it oan occur, is taken up. 

In a trial made to compare toe 

economy of these boxes with those in general use, it was found that 88,943 miles were run with the 
consumption of three-quarters of a pint of oil, while the ordinary box used 3§ pints. 

Blackburn’s oil lubricator for grease boxes, Figs. 222 and 228, consists of a flexible oil holder H 
filling all the grease compartments. It is formed- of a bag made of oil-cloth. This bag is con- 


tained within another of Kelt From the mouth, kept open by a coil of wire, there hangs down a 
capillary feeder, to which, when the carriage is In motion, the oil is shaken up, making its 
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way up this feeder to the enclosing: felt beg, which acts as the long leg of a siphon H, and the 
capillary feeder as the short leg. The brass bearing Vis fitted with wooden fiUots F for evenly 
spreading the oil, or a pair of long strips of felt may also be let into the substance of the brass. The 
attachment of the fillets in the first case, or the slots cast into the brass in the second, form the 
only alterations required. These fillets are simply fixed by pins driven into a pair of small holes 
drilled into the edges of the brass. The flow from the reservoit only takes place when the oil, by 
the motion of the carriage, is splashed up against tho hanging wick or shorter leg of the siphon. 
Waste is thus prevented when the carriages are standing. Another plan consists in placing a long 
felt pad inside the bottom of the box, and kept up against the neck of tho axle by a spring. Tho 
whole is slipped into the box through a hole tapped for a screw, which theu closes up the box ; the 
motion of the carriage and the capillary attraction of the felt keep up the supply. An objection to 
the first plan is the facility given by the flexible and removable oil vessel for pilfeiing the oil. 
This objection might be met by applying somo adhesive composition to the sidcB, preventing 
removal without loss of time in the destruction of the vessel, which costs only a few pence. 

Fig. 223 is of Thomson’s oompressed wool and steel cushioned springs. These consist of a 
coiled steel spring, the central portion of which is filled in with wool highly comprossod. By this 
means the effects of concussion are reduced. 

BARN MACHINERY. 

Under this head is included some of thoso maohines necessary to agricultural purposes in, 
or in proximity to, the barn where the crop or produce of tho land is usually treated. 

Threshing Machines . — A good example of an American threshing Machine is that mode by tho 
Pitts Works, Buffalo, New York, of which Fig. 225 is a section. Here A is the foud-lxmrd, II tho 
dram, C concave, D grain-belt, c d ends of sup|>orting rollers, E beater, F picker, G straw-belt, 
N fan, 0 fan-case, P fine sieve, Q gram conveyor, K tailings couveyor, S guide-boards, T sieve, 
m opening for straw, L eccentric, r straw-elevator. 



The workman who acts as fpeder stands upon the platform />, and spreads out tho corn ujion tho 
feed-board A, presenting the heads to tho action of the pegs on tho drum. The drum-axle is 
a solid shaft 12 in. diameter. The drum is 36 in. long with nine longitudinal bars, holding 
104 teeth, which project 2} in. from the face of the bars. The concave is made in three parts, 
with an adjusting screw. The teeth on the drum, as they revolve, pass close to similar tooth 
in tho concave. Such portions of the gram as are not separated by the blows from tho teeth 
on the first contact, are drawn with great force past the concave teeth, and thus the heads aro 
combed out. Nevertheless, portions altogether escape, as is shown by the delivery from the return 
spout. The drum revolves from 1000 to 1300 times a minute. The drum pulley is 7 in. in 
diameter with 8$ inch face. The grain and straw fall together on to the grain-belt 1), an endless 
belt about 10 ft. long, composed of stout duck, on which are nailed buckets of maple, 1} in. wide, 
with intervals of 1$ in. The grain drops into these intervals and tho straw rides on tho top, 
its progress being expedited by the action of the beater E, an iron shaft with four arms furnished 

iilL A _ J • « A*-- it- _ 1 - .1. . & 1 1* L-.i. A f\t\ 




a minute. This is an important feature, preventing the clogging of the machine, which would 
otherwise frequently happen in the case of dump straw. The supporting rollers cc being hexagonal, 
give a jerky motion to the grain-belt, which separates any loose grains lodged in the straw. The 
triangular revolving picker F, placed jnst above the end of the licit and between it and the straw- 
carrier, prevents the straw passing downwards with the grain, and assists its passage forward on to 
the straw-belt G, made of slats of wood nailed at short distances from each other to two leather 
belts, and forming an endless ladder running over the pulleys. The agitator, a bar rocking 
on its centre, so that the ends shake the straw-belt alternately, gives it a jerky motion which 
effectually causes the separation of any loose grains that may have hitherto escaped separation, 
and which now fall through the open spaces of the straw, or to the inclined board, whence they 
find their way to the shoe. The chaff is separated from the grain by the action of the fan N ; the 
grain falls through the screen T, on to the fine sieve P, which forms part of the bottom of the 
shoe. Weed-seeds and the like escape into a box, whilst the grain drops into the grain conveyor 
Q, a trough with a revolving screw, And is discharged at the side. The cavings, which include the 
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unthreshed or partially threshed ears, pass over the end of the screen T, fall into the conveyor- 
box B, and are delivered by a similar sere# to the elevators, by which they are canied back to the 
drum and retkr< shed. A longitudinal motion is given to the nddle by means of the eccentric L. 
A light straw tlevator Is attachable to the end of the machine, a portion of which with the side 
fiame removed is shown at ar, this can bo fixed at any angle by a rope wound round a pulley, with 
a ratchet wheel and pawl to secure its position. 

Fig 226 is a section of a machine of somewhat similar construction, made by John Abell, 
Ontario, which has some original features. The revolving grate D, a small wheel furnished with a 



scries of sharp sections, is for assisting the passages of the gram from the drum, and at the same 
tune acting as a rubber to separate whitecoats, This latter office wonly, howi ve r, very imperfectly 
|>orfonnod, and the chief advantage of the grate is that it forms a convenient medium for 
transiiorting the grain from the drum to the buckets of the cam r The latter is, both as to 
length and construction, very similar to the same apparatus in the PittH Mac hint, ouly the frution- 

A s that support tho camor are round instead of lu xagonal , there is also i blight difference in 
rrn of the boaters and pickers The picker O 1 makes about 1400 revolutions a minute, 
materially assisting the transfer of the straw on to the lakes, which travel at about half that pace 
and got a jerky motion from the blows of the agitator N l , alter tho chaff has been blown away by 
tho fan, tho gram roaches the eompartmont K, tho base of the giam couveyor, hero it is partially 
rubbed by tho arms of a small fan, which foioes it upwards along a small elevator tula? by which it 
is conducted to the sack’s mouth, tho outlet being here sufficiently high to allow of a sack standing 
uptight under it The cavings fall over the eud ot the shoe to the base of tho elevator L, by 
which they are conveyed back to tho drum , by a clever arrangement of an angle pulley, shown by 
dotted linos at O, and chain gearing, tho straw-clovator can bo fixed at any angle, so as to 
convey tho stiaw from the machine in any ehre'ction from a straight line to aright angle As far 
as tho winnowing proooae is conoemed, this machine is similar to the tingle-blower English 
maohmo. 



Wallis and Steevens, of Basingstoke, have introduced a threshing machine. Fig 227, in which 
A is the feed mouth through wmah the unthrashed com is fed into the machine. BB are 
adjustable mouthpieces for increasing or decreasing the sise of the mouth to suit different deecnp- 
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tiona of corn. C is the threshing drum, which has a steel spindle, wrought-iron head and rings, 
and either six or eight beaten of ash wood, fitted with beater faces and plate-iron fronts. D, a 
concave breasting, is made entirely of wrought iron and provided with aaiusting screws E, and 
the hinge F for regulating its distance from the drum. G, easing behind ooucave breasting 
which carries the threshed corn as it penes through tho bars of the breasting on to the upper shoe 
on the riddle-board L. II ore the straw-shakers worked by the shaker-crank I, each alternate 
shaker being attached at either end to links J, turning on oentre* K. The shaker removes 
from the threshed straw any loose oorn which may be left in it L is the vibrating shoe on which 
the corn falls from the drum and shakers. In this shoe is fixed the perforated mahogany riddle M, 
which seriates the short, broken straws, technically termed cavings, from tho com. This and the 
lower shoe is driven by connecting rods from tho ruldlo-crank N. 0 is the lower vibrating shoe, 
to which is fixed the first winnowing machine P. Both shoes are suspended from the framing of 
the machine on spring hangers Q. P is the first winnowing machine, in which are placed an upper 
perforated zinc riddle, which assists the blast in secreting the chaif from the corn, and a lower 
riddle for removing husks containing grains of corn. Beneath these is the spout 8 for convoying 
the com to the < levators. In the bottom of this si>out is a third riddle, not shown, for separating 
small seeds which may be mixed with the com. T is the fan which supplies the blast of air to the 
winnowing machine P. Slides are provided to the openings in tho centre of the fan through which 
the air is drawn in, and by these the strength of tho bloat con be regulutcd to suit tho grain to tie 
threshed. By raising or lowering tho lunged flaps U ut the back of tho winnowing m&chitic the 
whole of the chaff cau be blown over without carrying com with it. V is the elevator which carries 
the com up and delivers it either into the barley-homer W, or direct into tho second winnowing 
machine. W is tho barley- homer, the steel blades of which uro set at an angle so os to throw the 
corn out at the upper side of the homer-casing. By raising the hinge-valve X, by moans of a handle 
outside the machine, the oorn will then fall on the slope board Y instead of on the valve, and so 
pass direct into the second winnowing machine. This arrangement is of importance, os some kinds 
of grain and beaus and peas would be injured by being passed through the hornoi. Z, the second 
winnowing machine, which has a set of hard wood riddles for thoroughly separating from the giam 
any chaff, tdiobs, Ac., width may have posted the first winnowing machine, or have boon rulihed 
off in the passage through the horner. It is suspended on spring liangers and vibrated by a 
connecting rod fixed t«» the end of tho upper vibrating shoe L. A blast of air is blown through tho 
winnowing machine by a tan fixed outside the framing of the machine, shown by tho dotted lino 
U hind th« barley -horner. It is a l’enney’s rotary screen, which separates the clean corn into threo 
samples — best com, last tail, and small tail. A bru*h keeps tho rotary screen clean 

K. (t&mtt and Son’s threshing mnehine, Figs. 228 to 230, has tin' following principal ftaturos. 
The blast sufficient for throe dressings is provided by a siugle fau. This fan is attached to tho 
drum-shafts, obviating the use of three separate' tans with the accessory gearing, and consequent 



loss of power. The gene^ul arrangement is apparent upon inspection. A, Fig. 228, is the blast case, 
o the regulating valve with its lever m, / is tne spindle of the aviller or ehobbar, n is the lower 
valvo lever. Fig. 229 is a section on the line E F, in which k k are the sieves, and j the regulating 
hand-wlieel. Fig. 230 is a section through A B C D of Fig. 228, h is the drum, <j the lower screen, 
and i i the sieves/ 

Feed *7 Gears and Drum Guard*. — Figs. 231 and 232 are of Boston and Proctor’s feeding gear for 
threshing machines, a is a tapper or box containing spindles which carry a number of curved tines 
c, These tines are revolved in tne direction shown by the arrows, by means of toothed pinions, motion 
being given from the shaker crank-shaft to a pulley p upon tho end spindle, e is a wrought-iron 
plate, carved boms to deflect or tarn the com into the arum, and has a number o' notches In its 
upper edge fur the tines upon the end spindle to pass, which prevents any of the corn being 
returned over the spindles. / is the drum, 7 is the concave or breasting. The shakers to carry off 
ilie corn are not shown. The sheaves of corn are placed in the hopper at a. The bands having 
been cut and the sheaf just loosened, it is received immediately upon the first set of tine* and 

H 
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delivered into the breasting 0, where it i is threshed in the nsnal maimer, the straw being carried 
away on the shakers. By this system no loose grains of oorn can pass to the shakers 
rathresh e d . 




Figs. 238 and 234 are of Hoad's self-feeder for threshing machines, which serves also as a guard for 
the drum. It is a combination of rollers placed in the vortical mouth of a hood. One is a six-sided 
or corrugated wooden roller, and is run at rather high speed by a strap. Above it and parallel runs 
a flxod shaft, on which are loosely strung a number of heavy wooden discs about 10 in. diameter, 
covered with leather. A man oould not get his hand drawn in between the rollers, because when 
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adjustable ball nee feed-bond A extends across the machine and carries pivots a a* mounted in 
bearings at a * in the frame A', This is combined with a hood B, carrying pilots 6 V, which are 
supported in bearings, the feed-board A and hood B being connected so as to admit of their working 
in nnison in the following manner. To the end of the pivot a ' of the feed-board A Is secured a 
lever 0, which is connected by a coupling rod D to one arm e of a double-armed lever E, mounted 
loosely on a pivot b\ and carrying on its opposite arm e' a pin having a thumbscrew c. The latter 

235 . 



237 . 

serves for securing the lever E firmly to a sector F keyed on to the pivot b\ and is provided with a 
slot c\ in which the pin of the screw c engages. By these means also the hood may be adjusted 
by varying the position of the pin of the screw c without the necessity for the man leaving the box* 
The hood and feed-board are represented closed in Figs. 235 and 237, and in their normal position 
in Fig. 236. 

Chocking Blocks. — The simple and effective appliances of Clayton and Shnttleworth, of Lincoln, 
for adjusting the position of portable machinery and for chocking the travelling wheels, are shown 
in Fip. 288 to 242. 

These means of adjusting the position of portable machinery during work consist in the arrange* 

a 2 
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meat at each end of the maohine of a plumb line a, Fig. 238, by two small angle brackets b 6», 
provided with vertical flanges cc for attachment to the frame. 

The bracket b near the top of the frame has a small hole, tapering narrower downwards, drilled 
in it for receiving the knotted end of the plumb line a. The lower bracket 6* is attached near the 
bottom of the frame, and has a similar hole, larger than the one in the upper bracket, but 
concentric with it, so that a line drawn through the centres of the two holes will be parallel both 
with the upright of the frame and the side warding. The oord a is left sufficiently long for the 
bob g to be placed at rest in a hole cast in the lower bracket 6 l whenever the machine is 
travelling. 


OTB 



For levelling up tho travelling wheels when standing on uneven ground, a pair of wooden chocks 
or wedges are placed under tho tire of the wheel which requires raising, and these wedges are 
drawn towards each other by suitably arranged hand-levers. 

In the mode illustrated in Figs. 239 and 240, and on tho left-hand side of Fig. 238, a shaft is 
employed moving in bearings in tho wedge B, and having a crank at each end, and a lever D 
formed in one with tho corresponding crank, and projecting in a direction opposite to it. The 
cranks are attached by hooks, which they 

carry, to two chains F F, affixed one at 239 

each side of the opposite wedge B l . 

When the hooks are to be attached to 
tho chains the lever D is placed in the 
position indicatod by dotted linos in Fig. 

239, and the hooks having been each 
caused to engage with a link of its cor- 
responding chain F, the lever D is pulled 
towards the opposite chock B 1 , the cranks 
thus draw on the chains F F, and cause 
the chocks B B 1 to approach one another, 
thereby raising the wheel G which is 
placed between them. On the lever 
borag returned to its original position, 
shown by the dotted linos, the chains 
F F slacken, when a fresh link may be 
placed on the hooks of the cranks, and 
anothor pull given to the lever D. This 
prooess is continued until the plumb line 
on the machine coincides with the centre 
of the Blot of the lower braoket, when the 
lever D is secured in position by means of a short ohain H and hook at its ond, whioh is inserted 
in a link of one of the side chains. The chocks are reversible as shown, with their two ends 1 1 1 of 
similar form, so that when the end i is worn the other end t 1 may be brought into use. 

A modification of this is shown in Figs. 241 and 242, and on the right-hand side of Fig. 238. Here 
a loose forked lever D l is employed, having a fulcrum-pin projecting inwards from the end of each 
branch l of the fork, and another pin with enlarged head projecting outwards at a short distance 
from each fulcrum-pin. The fork l embraces the chock B, fitted with a metal fulcrum-plate on 
eaoh side, having a series of inclined rows n n 1 n* of notches with which the fulcrum-pins in 
the forked lever D l engage successively. The outer pins are connected at one end to the 
chock B 1 , and provided at their opposite ends with a series of holes *>*>, into one or the oilier of 



240 . 



In working with this a] 
lines in Fig. 241, with eaoj 


us the lever D 1 is first placed in the position shown by the dotted 
engaging in the top one of the notches of the inclined row 
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it of its corresponding fulcrum-plate ; the lever D 1 is then moved downwards in the direction of the 
arrow until it is brought into about a honiontal position, when the chocks B B are drawn together, 
after whieh the lever D 1 is raised to its former position, and the fulcrum-pins are dropped into 
the next lower notches, the lever drawn down again, and so on, until the pma reach tne lowest 
notches in the respective rows , the lever is then lifted entirely out of that row, and the falcrum-pms 
are dropped into the highest set of notches of the row n 1 next behind, and the preceding opera- 
tions are repeated, after which, if neoessar), the notches of the inclined row n* may be brought into 
use, the lifting bang continued until the plumb line a coincides with the centre of the hole, or 
with the point of the lower a agio bracket 6 1 



In order to allow of the shifting of tho lover from ono row^of notches to the other, tho Bide rods 
F l are each provided with an elongated loop, fitting loosely on a pm, which curves upwards 
from each side of tho chock The loikod lever D l is preferably constructed m two parts for tho 
sake of comtmenco The forked part is provided with a boc kt t for receiving a plain straight iron 
liver D 1 of any required length, which is seiund by a pm s passing through holes in the socket 
portion and the lever D 1 lhis pm is uttucliod to tho fork by a short chain, and after levelling 
up a wheel, and withdrawing the lever fiom tho fork, the pm is inserted m one of several holes 
bored m one side of the chock B, to enable it to support the fork m its proper position w ith the fulorum- 
pms and crank pins m a lmo with the rods F 1 , m which pesition tliere is no tendency for the lever 
to rise by the strain due to the weight lesting on tho chocks, tho cranks being then in tho dead 
point 

For withdrawing the chocks from the wheels readily the clioek B is formed with a narrow mor- 
tis© on the top close to the tire ot the whee 1 Ibis is lined with iron for tho purpose of receiving 
the handle end of the lever D\ which is curved, so that when tho point enters the mortise the 
hack of the curved part may be pressed against the wheel-tire for withdrawing the clioek 

Com Otyc? — Figs 243 to 247 are of Davcy Paxman, and Co’s corn-dryer It consists of a 
long cj Under, containing several internal cylinders The eyhndtr B extends from end to end, and 
is formed with tapering t nd-pieccs, which terminate in trunnions, one of which carries a spur-wheel, 
and is caused to revolve by the puuon Steam is acUmttcd into this cylinder by the pipo (4, passing 



out through H Outside the cylinder B are a number of perforated beaters D, arranged spirally, 
and having brashes which revolve in contact with tbe inner side of a larger cylinder This latter 
forms an annular chamber, into which steam is admitted Air is admitted to the outer cylinder K 
In tbe annular space formed between the cylinder B and 8 a blast is admitted from the tan I, and 
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meets tbs oom as it advances through the machine. The com is fed into the homier, which Is 
furnished at the bottom with a feeding roller, .and it fells thence into the chamber which is in open 
communication with the perforated beater-bars. In traversing the length of the m a chi ne the com 




is exposed to the drying aotion of the steam contained in the cylinder B and tho annular space, and 
at the samo time is subjected to the action of the blast from the fan, while it is violently agitatod in 
its passage by moans of the bmsheB and the holes in the beater-bars. E E are ventilators, F a 
steam-valve, r the hopper-valve, PLM pulleys, and W and V gearing. B is tho outlet for the 
dried ooru. 



Moot-Cutters. — Figs. 248 and 249 represent a disc root-cutter, constructed by M. Albaret. The disc 
has knives, Fig. 250, and is carried at the extremity of an iron axle revolving in a very long bush 
which traverses the hopper. The roots are thrown into a hopper, part of the vertical fece of which 
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is formed by the revolving disc. The weight of the roots causes them to descend against the knives 
of the disc. the cuttings falling into a frame of thin sheet iron to prevent loss from scattering. The 
diao may be tamed by hand or steam power. When tamed by hand, it makes about 40 to 50 
revolutions per minute, and with steam attains about three timos this velocity. To cut the roots 
into small prisms toothed knives are need, Fig. 249. To cut slioes, for the toothed plate is substi- 
tuted a straight cutter. The depth of the slioes is regulated by the position of the cutters with 
relation to the plane of the disc. The arrangement of the hopper varies greatly, but it is preferably 
to be constructed of iron bars placed sufficiently near together to retain the roots. 

HorM-Gtar8.~-VL de Valcourt has proposed a horse-gear worked with cords, Fig, 251, of very 
simple construction. A oonical piece of wood, bored throughout its axis, revolves on a vertical iron 


MS. 




pivot fixed upon a massive pior or frame. The oonical piece of wood, which forms tho shaft of the 
goar, carries a number of wooden arms, in the direction of tho spokos of a wheel, and kopt in a hori- 
zontal plane by light iron tics connected to tho summit of tho central axis. The ends of the arms 
are grooved, and form, os a whole, an enormous pulley or wheel, the periphery of which is not con- 
tinuous. In those grooves works an endless cord intended for tho transmission of motion. Tho 
arms are 12 to 15 ft. in length, and are placed about 4 ft. above the ground, so that tho horso walking 
between two traces attached to two arms, so as to form a chord with the rope, draws directly upon 
the machine. This horse-gear is well ailaptod for those situations whoro a source of power is roquirod 
temporarily. 

Barrett’s horso-gcar, Figs. 252 and 253, is remarkable for the small space it occupies, but is some- 
what complicated. The plate carrying tho draw-bars pivots freely on the vertical axis A A 1 . Threo 



toothed wheels B are placed beneath this plate ; these engage with a crown-wheel, and with the 
pi nfon keyed on the axle A A 1 * The three wheels revolve with the same velocity, and for each 
revolution of the beam make a number of turns expremed by the inverse ratio of the number of their 
teeth to the number of teeth of the fixed crown. The motion of the three wheels B is transmitted to 
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the pinion. Finally the rotation of the axle A is transmitted to the horizontal axle a by the 
wheel and annle-pinion M and N. If the fixed crown carries 56 teeth, the wheels B 22, and the 
pinion 11 toeth, and the ratio of the circumferences of the wheel and angle-pinion be equal to 5. 

56 22 5 

the axle c will make a number of revolutions expressed by - x — x -r= 25*45 while the horse 

22 11 1 

goes round once. A fault of construction of this gear may be mentioned, as it introduces a generally 
useful remark often applicable to gearing constructed with too great an economy, or in which too 
great an attempt has been made to reduce the dimensions of the mechanical parts. In a well- 
planned gear the ratio of the diameter of the pist or trace-ring to that of the first tooth-wheel should 
not bo too great ; for the effort exerted on the teeth of the first wheel is equal to the draw of the 
horse multiplied by this ratio. These would have to resist very great forces, and would be easily 
broken by any sudden check or pull given by the horse, if the length of the arms or beams of the 
gear had too great ratio to the radius of the first toothed wheel. The old gears in wood with their 
iinmenso crown wheels of a diameter frequently greater than half that of the pist, were consequently 
well designed. Doubtless, this cannot be an absolute rule, and must be modified by exigencies of 
another nature, but the diameter of the first wheel should be at least one-fifth of that of the pist, 
excopt under special circumstances. E. B. and F. Turner, of Ipswich, have designed a horse-gear, 
Fig. 254, in which the main whetl is internally geared, and d lives a i inion oast in the same piece 
With a bevel-wheel, and 

revolving on a pin keyed 25 * 

to the lower part of the 

framo. A bevelled roller T ^f 1 

running freo on a pin pass- Y '^ j j 

mg through the side of the 

frame, bears against the U 

uppor edge of the bevel ^ 

wiiocl, and keeps it steadily |T^Z^^»sssb: \ 

in geai with the pinion. yi 1111 JLJ 

Tho bod-plate is roctan- j ^ ^ 1 1 f l f F j fr 

gular, and the bracket 

carrying tho uppor bearing y“T I I ' 

of the main shaft is light gjLJ IS n 1 ilLmlj-gJ LI, 

and occupies but small 

** Suljihuratot .—Although *** fnh 1 ‘p T *** 

more closely nlliod to field v v ^ 

operations, it is convoniont 255. t'vyjj/ 

liero to dcscrilic an appa- ;rj/ ' 

rafcus used for destroying — — L'rr 

mould upon tho hop-plant, \ ijyl 

and tormed a sulphurator, Vv J vL/ 

Fig. 255. Mould or white- \ n. / yw 

blight, occasioned by tho j / M 1 

fuugus Sproiotlioca Cas- / / '*& 

tagnoi, allied to tho fun- nY (A 1 

gus that causes tho vine // 1 xl®!/ 

disease, known commonly ff / 

as oidium, was formcily j / 

tcriibly injurious to hop- I I 7 

plants; but like its ally, 
has been checked to a great 
extent by tho application 
of sulphur put on usually 
before the hops are m burr 
or bloom with a sulphur- 
ator. This machine is 
drawn by a horse between 
the rows of plants Two 
separate applications of 
sulphur are usually made ; 
the first when the bine is 
just over the poles, the 
second just before the burr or bloom apiiears. About 50 lbs. per acre is put on at each application, 
at a cost of about 15«. per aero each tune. Tho machine consists of a blower deriving its motion 
from tho wheels of the carrier, and a chamber in which sulphur is burned, and through which the 
blast is directed. When hops are drying, it is usual to fumigate them with sulphur when evapora- 
tion is at its highest point. Tho sulphurous acid evolved by the sulphur bleaches the leaves of 
the rooking hops, and imparts to them a golden colour. About 10 lbs. of sulphur are burned for 
BOO bushels of green hope. If hops are much discoloured, sulphur fumes are passed through them 
twice while they are drying. 

BELTS AND BELTING, 

There is no simpler or more effective means of transmitting motion than that afforded by 
cords, bands, or strapB. The manner in which this means is made to take effect, through the 
frictional adhesion between the surfaces of the belt and the pulley, conduces to the safety of the 
whole mechanism ; for, if any unusual obstruction intervene, the belt merely slips, and shocks 
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and breakage are prevented. The facility with which this communication of rotary motion may 
be established) or Broken, at a distance, and under almost every variety of circumstance, has 
brought the baud so extensively iuto uso in machinery, that it is one of the principal channels 
through which work is tiansmitted. 

A belt at a certain tension is not capable of exerting more than a certain definite force upon tho 
pulley over which it passes, and it therefore occupies a certain time in oommuuicaiing its own speed 
to the periphery of that pulley. The length of this time dt pends upon tho masses which arc to be 
pet in motion along with the pulley, aud the speed which is to bo imparted to thorn, and until this 
time has elapsed the band has a slipping or sliding motion on tho pulley Belts are not, therefore, 
suitable for communicating a constant relation between several velocities with precision, on account 
of their being free to slip on tho pulleys ; but this vorv freedom to slip, as already pointc d out, con- 
stitutes one of their great advantages when used in swift and powerful muchinery, since it prevents 
those shocks which ordinarily take placo when machinery which has bt*en at rest is suddenly 
thrown into gear. 

From a number of experiments which have boon made, it has beon ascertained that tho 
loss due to this slip amounts to about two revolutions in a hundred. In practice this would bo 
but a slight loss, and would not occasion any inconvenience ; but whore there is a long train of 
gearing, repeated from shaft to Bhaft by beltB, the loss becomes serious, for after u succession of five 
speeds it amounts to no less than one-tenth of the calculated apt od, while at tho end of thirty-four 
spoods the velocity will be reduced by one-h,ilf. From these considerations it appears that whoro 
it is required to transmit speeds as near ditoiminato as uiny be, by means of bands and pulleys, it 
will be noocssary to increase tho diameter of the driving pulley by its ono-flftieth part, or to diminish 
tho driven pulley in the same ratio. The following table gives tho percentage of slip in open 
and crossed bolts of various lengths. 


Parallel Belta. 
Length in Poet. 

Percentage of 
Velocity lout by 
Slipping 

Crossed Belts. 
1/ength m Feet. 

Percentage of 
Velocity lost by 
Slipping 

0 

4*2 

6 

8-5 

12 

30 

12 

3*2 

18 

3*0 

18 

2*0 

24 

3*3 

21 

1 2*6 

30 

3*0 

30 

' 2*3 

i 3C 

2*7 

36 

2*0 

; 42 i 

2*5 

42 

1*8 

1 48 j 

2*3 

48 

1 1*6 

1 54 

2*1 

54 

| 1*4 

! 60 1 

1*0 

60 

| 1*2 


From this table it will be seen that the length of the holt exercises a considerable inf! nonce over 
the amount of its slipping, long belts being much less liable to slip thau short ones ; and it will 
also bo seen that a crossed bolt possesses a great advantage, iu this respect, over an open or parallel 
belt. 

Miterial and Munufwture. — Various substances, such as vulcunized-rubber, pnp<r, sheet-iron, 
and others, have been, and are still, in certain special cases, employed for making belts ; and their 
adoption has, in many cases, been followed by good results. But the most generally usod material, 
and that which, aftor long experience, and numerous expeiiments with tho various substitutes, lias 
been almost universally adopted, is the best oak-tanned lc ather. 

In the manufacture of belting, choice should be made of young hides, os these possess much 
more strength than the hides of old animals. After these have been carefully selected, they should 
be thoroughly tanned, by the old-fashioned ouk-lnvik process; and the more slowly and perfectly 
this tanning is carried out. the bettor for all Iwdting purposes will bo tho leather. 

Previous to currying, tho shoulders should be cut off, leaving only the Ixmt parts of the butts to 
bo tanned for belting. It is tho prosenco of those shoulder pieces in belts that otton causes so much 
annoyunce by making them run crooked ; the shoulder naturally stretching in a direction contrary 
to the stretch of the butts. 

Bolts for service in dry, warm places may bo made of course, loose leather, and will, under such 
conditions, bo found to wear and work well ; but for wet or moist situations, the finest and firmest 
white oak -tanned leather should be used. 

Strength. — The strength of straps must, of course, be determined by the work they liavo to 
transmit. If a strap transmit a force of n horse-power at a velocity of v feet a minute, then the 

tension on the driving side of the belt is lbs., and this tension is independent of the initial 

tension producing adhesion between the belt and pulley. For example, let « = 314*16 feet a 
minute, which is the velocity of a 24-inch pulley at 60 revolutions a minute, and let 3 horse-power 
SH 000 yc 3 

be transmitted, then -■ = 312 lbs., the strain on tho pulley due to the force transmitted. 

314*16 

From the mean of a great number of experiments, which have been undertaken At various times, 
and under varying circumstances, the absolute strength of ordinary leather bolting, three-sixteenths 
of an inch thick, appears to bo about 3084 lbs. a square inch of cross-section. These experiments 
wen mode with belts of from 1 to 3 in. in width. 
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Good belting three-sixteenths of an inoh thick should sustain for a long time, without any risk 
or serious wear, a teneional strain of 50 lbs. to eaoh inch of width ; or, according to Morin, about 
855 lbs. the square inoh of section. . 

The following table, showing the relative strength of leather and other belting, is taken from 



Site of Belt 

Toted. Force Force 

” — Breaking the 

In new In 1 Inch Width. 1 Square Inch. 

Inches. Inches. 




Durability . — The wearing of belts depends altogether up 
to the pulleys, and there is no slipping, but a continual 


>n circumstances. If they adhere well 
__ adhesion while at work, leaving the 

pulloyB dear, there is no peroeptiblo wear while running with the hair side to the pulley ; but put 
the rough or flesh side to it, and wearing will soon ooour, from the friction caused by slipping on 
the pufleys. 

Experience has proved that when the grain side of a belt is plaoed next the pulley, it will drive 
about thirty-four per cent, more than when the flesh side is placed next to it ; but in connection 
with this, another question arises, namely, which side placed next the pulley is the more 
durable. 

It is well known that the strength of leather is on the ho - ir side, it may be said to lie in 
about one-fourth of the thickness j when, therefore, ting part of the belt is worn away, it will no 
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toffer be of mneh servioe. I£ however, the flesh side be covered with a good ooat of tanner's 
dubbing, and this be repeated for two or three successive days, it will acquire a smoothn ess, and 
a consequent driving power, almost or quite equal to that of the hair side. And as, by placing 
this side to the pulley, the strong side will be preserved from wear, the belt will be found, 
in many oases, to last six times longer when used in this way than when run on the hair tide 
exclusively. 

Loose-running belts will last much longer than those which must be drawn tightly to drive ; 
tightness being evidence of overwork and disproportion. ' 

Preservation and Care of Belts.— Care should be taken that belts be kept soft and pliable ; and 
they should also be well protected from water and moisture. Penetrating oil should only be used 
when a belt has become very dry and harsh from neglect, for the frequent application of such oils 
renders the leather soft and flabby, causing it to stretch, and rendering it very liable to run out of 
line. A good dressing for leather belts is castor-oil ; this may be applied by means of a rag 
or brush, while the belt is running, thus preventing loss of time by stoppage. The following is also 
a good dressing; one port of beef tallow and two parts of castor-oil, to be melted togethor and 
applied warm. The uso of either of these will prevent the attacks of rata or other vermin, as none 
of them will touch the leather after one application of oastor-oil. 

Belts and all pulleys should be kept clean, and free from accumulations of dust and grease ; and 
especially from contact of lubricating oils, some of which permanently injure the leather. 

To prepare a new belt, soak it for about ten minutes in water, then dry it for fifteen minutes, 
and afterwards brush it over two or three times with neat’s-foot oil. When this is well driod 
the belt is ready to be put on. To keep it in good order it should be oiled once every two months in 
cold weather, and onoe a month in worm. 

When a belt is dry and husky, but still pliable, a coaling of blood-warm tallow, driod in by tho 
heat of a fire or of the sun, will tend to keep it in good working condition ; tho oil of tho tallow 
paspCs into the fibre of the leather, serving to soften it, and the stearine is loft on the outsido to fill 
the pores, and thus preserve a smooth surface. Tho addition of rosin to the tallow, for bolts used 
in wet or damp places, will be of servico, and holp to preserve their strength. Belts which have 
become hard and stiff should receivo an application of neat’s-foot or liver oil, mixed with a small 
quantity of resin ; this prevents the oil from injuring the bolt, and helps to preserve it. Tho 
quantity of resin, however, should not bo sufficient to make the bolt sticky. Tho following com- 
position is recommended os a good one for preserving tho pliability of belts : — 1 gallon of noat’s- 
foot oil, 1 gallon of tallow, and 12 ounces of rosin, tho whole to bo dissolved by heat and well 
mixed. This is to be applied cold, the bolt being first dampod, excepting the joiuts, with cold 
water ; and the composition is to bo well rubbed in. In wintor a larger proportion of oil will bo 
required. 

The uso of printers' ink has boon recommended for increasing tho adhosion of bolts ; a case 
being on reoord where the slipping of a 6-iuch belt, which had become very dry and smooth, was 
entirely prevented, for twelve months, by one application of this subHtanco. 

Belts stuffed with a composition formed of two parts, by weight, of tallow, one part of bag-berry 
tallow, and one of boes-wax, will run well for six months, without any attention, and will also bo 
impervious to water. It is also said that a belt stuffed with this composition will last twico 
as long as one stuffed with oil. The composition is to be heated to tho boiling point, and applied 
directly to both sides of tho bolt, by means of a brush ; and tho bolt is then to be held close to a 
red-hot plate, iu order to soak in the bces-wax, which does not enter the pores of the loathor from 
the action of the brush. Caro must, however, bo taken to have the leather perfectly dry, so as to 
prevent its burning. A kettle of this composition was placed over a blacksmith's fire and molted, 
a coil of perfectly dry 2-inch belting, about 1G feet long, was then put into it and boiled for forty- 
five minutes in tho greatest degree of heat that could be produced by blowing the fire continually ; 
when taken out it was found that the texture of tho loathor was not the least injured by tho heat 
of the composition. A piece of belting damped with water was next tried, and this was found to 
be burned and orisped in less than half a minute. 

Permanent Joints. — In making permanent joints, the ends of the two pieces to be united must 
first bo scarfed, or bevelled, as shown in Fig. 25G ; they may 
then be ioined by either of the three following methods, 
each of wliioh is extensively used. 

Glue the ends with ordinary hot glue, and bind them 
together with hand-screws until the gluo is set, then drive 
in a number of shoemaker's pegs, dipping each one into hot glue before driving it in ; tho number 
of pegs required will vary wuh the width of the belt. The pegs should afterwards be pared smooth 
on both sides, and the joint made of equal thickness with tho rest of the belt. If not exposed to 
water, this joint will last as long as any part of the belt. 

A good cement for joining leather, and one which has been found to stand well under heavy 
tests, is prepared as follows ; — Take ten parts of bi-sulphide of carbon and one part of oil of 
turpentine, and in this mixture dissolve sufficient guttapercha to render the composition moderately 
thick. The pieces of leather to be joined must first be freed from grease ; this is best accomplished 
by placing a cloth on the leather and pressing over this with a hot iron. After the joint is made, 
it is very important that it should be dried under pressure. 

For making permanent joints in leather belts, take equal parts of common glue and isinglass, 
put them in a boiler or glue-pot, and add sufficient water to just cover the whole ; allow this 
mixture to soak for about ten hours, and then bring it to a boiling heat, and while it is in this 
state add pure tannin nntil the whole becomes ropy, or appears like the white of an egf . A pply 
this mixture warm, and rub the joint surfaces solidly together ; allow it to dry for a few hours, and 
it is ready for use. Joints put together in this way wifi not require riveting if they are properly 
done, for the oement itself is neariy of the mme nature as the leather. 
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Laces and Lacing, — The usual method of joining the ends of a belt, that is, by means of leather* 
thongs or laces, is undoubtedly the best as well as the most convenient, the thong being more easily 
obtained and applied than any of the numerous and ingenious substitutes which have been devised 
for securing the ends of belts. . 

From a great number of experiments which have been made with laces of various widths and 
thicknesses, for the purpose or ascertaining their strength it lias been found that the strength 
depends very much upon the part of the skin from which the thong is cut ; one out from near the 
backbone possessing, on an average, four times the strength of one cut from any other part 

Eel-skin laces are, undoubtedly, the strongest laces or strings that can be obtained for lacing 
bolts ; they will withstand rough or hard usage, and will outlast any belt or ordinary lace. They 
arc prepared by thorouglily drying the skins, and then slitting them lengthwise ; and they can 
easily be prepared for use within three hours from the time of catching the eels. 

In punching belts for lacing, the belt is weakened to the extent of the sum of the diameters of 
tho holes, when the same are in a straight line across the belt. From this it will be seen that the 
best punches for cutting the lace-holes are those possessing an oval section, as they out away leB8 
of tho cross-section of the belt and still give ample space for the laoing. 

It is the practice of some engineers to cross the laces on both sides of the belt, while others cross 
thorn on the outside only, laving; the strands evenly on each other in the line of motion on the 
pulley side of the belt, which experience proves to be the better way. 

In Fig. 257 is shown a method of lacing without crossing by means of double rows of holes. In 
this arrangement the two ends of the lace a a, are tied in the middle ot the belt. Experience has 
proved that when a bolt is laced iu this manner, the lace will last twice as long as when crossed. 

257 . 258 . 



The test position for the holes, as proved by a number of experiments, is that shown in 
Fig. 258, since by this arrangement tho cross-seetion of the belt is only weakened by two holes 
in any phiee. In the first experiments which were made with this system of lacing, the line a 6 was 
not cut, and tho invariable lino of fracture, which always commonced first at the edges, passed 
through tho holes nearest to the same, and continued across in the same straight line, was cd or 
c j, Tho belt was then out through tho line a 6, and after being securely laced it gave the 
following losults : — Tho tearing began at tho holes at five-eighths of tho breaking-Btrain, and con- 
tinued until tho lacing tore out at tho end holes, when tho rest went suddenly. After being sub- 
jected to one-half of tho breaking-strain for twenty-four hours, a slight addition to the weight 
caused the holes to tear, and, after commencing, the tearing continued rapidly until the end holes 
tore out, when the whole went suddenly, as before. After being subject to the same strain for 
forty-five hours, the effect was as above stated. But after being subject to one-third of tho breaking 
strain for ono week the holes showed no signs of fracture. 

The tearing out of laoo-holes is often nttnbutod to bad belting, when in reality the fault consists 
in having the belt too short, and trying to force the ends together by lacing; and the more the 
leather has boon stretched in tho process of manufacture, the more likely is this accident to 
occur. 

It has boon proposed, as a means of strengthening laced belts, to employ large oval eyelets with 
broad flanges, to clasp or confine tho material. These eyelets would not only materially strengthen 
the belt by distributing the strain round the whole of the circumferenoe of the hole, instead of its 
being directed all to one part, as is tho case when tho holes are not so protected; but they would 
also preserve the holes from the rending aotion of the lacing, which must have some effect upon 
the portions in contact, as no belt can be laoed so tight that the lacing will not rend to some 
extent. 

Tho following method of lacing a'quarter-twist belt is recommended as a means of equalizing 
tho strain on both sides of the leather. Put the belt on, and 
bring the ends together in the usual way, then turn one end 
inside out aud lace. The belt will then run first one side out 
and then the other, and will be found to draw on both sides 
alike. 

Belt-Hoohs and other Fastenings — The Champion Belt-Hook , — 

This hook, whioh is shown in Figs. 259 and 260, possesses a 
substantial double bearing, whioh precludes the possibility of 
its tearing out; it is less expensive than the Blake stud; 
and although it oosts more than the “ 0 ” hook, it is in the 
end cheaper, as it retains its original shape in the belt, and consequently can be used over and 
over again. This can be adjusted in little time and with great ease; shortening a belt or taking 
up slack is quickly aooomphshed ; and few other belt-fSastemngs are equal to it for strength. 


259 . 
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The Lmcotne Belt- Fastener . — This is one of the most ingenious forms of belt-fastener now in use, 
affording as it does a very strong and yet light joint by simple means; and it is as applicable 
to use with belts of indiarubber as it is with those of leather. This fastener is of Canadian in- 
▼ention. It consists of two piooes of tough, ourved plate, tinned to preserve them from oxidation. 
The buckle proper is curved os shown in Fig. 2G1, and it is formed with a serios of teeth at each 
end ; these teeth are shown by the dotted lines in Fig. 262. It will bo seen that the width of this 
buckle is rather less than the width of the belt. In applying this fastening, the ends of the bolt are 
pierced from the inside with an awl, or a special tool for tho purpose, in a somewhat slanting 
direction, and the points of the teeth are insortod into these holes, in such a maimer as to project at 
the opposite side to that at which they aro inserted. The plate cover, or clasp proper, is then 
slipped over the projecting teeth, thus tying them securely fast, and making the complete buckle. 
With very wide belts several such buckles are required. 



Wilson* 8 Belt-JTooks . — These hooks aro made in two forms. Fig. 263 is to be used with belts 
running at high speeds over small pulleys; and for making permanent joints, instead of the 
ordinary cemented and pegged joint. Fig. 264 is intended to take tho place of the ordinary laced 
joint; by its use the strain is brought to bear on four or five timos as many places as it would 
be if laces were employed, besides which, the belt is not woakonod by having part of its substance 
removed by punching holes for the laces. To apply these hooks, they should bo laid on a bench, 
or some other firm and solid place, with the teeth upwards, and the belt should llion bo driven 
down as tight as possible to the plate by means of a shoemaker’s hammer. The tooth of the hook, 
Fig. 263, are made of sufficient length to come through the belt, and are to be clenched down unci 
forced well into the substance of the leather. It is claimed that belts fastened by those hooks 
can be mended in one fourth of the time that would be requirod with luces ; and thoy uro also said 
to bo one of tho best fasteners for rubber or paper belts. 

Blake's Belt-Studs , the form and manner of inserting which are shown in Figs. 265 and 266, 
are recommended as being both better and cheaper than either laces or hooks. They aro made of 
such a form as to grip nearly the entire width of tho belt, and, therefore, as they require no punched 
holes, the strength of the belt is but very slightly reduced ; whereas the available sectional width 
of a laced belt, with ordinary punched holes, is generally reduced by one-third. Hy the use of 
these studs the edges of tho belt are kept close together, but the studs do not touch tho pulleys. 
Belts which have become too rotten to hold laces, may be securely fastened by this means, for 
the studs will hold until the leather is completely worn out. They also constitute an efficient 
fastening for use in damp places. In loathor belts, the slits for inserting these studs should bo 
made one-quarter of an inch, and in rubber belts three-eighths of an inch, from tho ends, and tho 
studs should be inserted half-an-inch apart The smallest size of theso studs, No. 6, are used for 
such purposes as joining tho bolts of ordinary sewing machines ; No. 5 tor 2-in. belts ; and 
Nos. 1 and 0 for 4 and 5-ply rubber, and for double leather bolts. 



266 * 

In Fig 267 is shown a method of joining the ends of belts, which is much recommondod. Tho 
piste a is of brass, curved to the shape of the pulley, and is rather narrower than the belt. This 
plate laps the joint and receives countersunk-head screws from each end of the belt. 

Fig/268 shows another method of fastening the ends of a belt by means of screws, which has 
been very successfully adopted in practice. When this system is adopted, the belt must always 
travel in the direction of the arrow, and never be allowed to run against the joint. 


no 
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t« ik h 9R9 ta 271 is shown a method of joining the endi of ft belt, without Hie aid of either 
Twoor moteoZ slots, Big. 269, axe mode new one end of the belt to 
tekrinS- and^ the rther end of the belt. Fie. 270, D-ebaped slots are made, the material 
being'rat through the middle of the straight side o? the D, by an incision parallel to the length of 
the belt, thus dividing the end into T-shaped 
parts. The ends of the belt are scarfed, so 
that when engaged, they will lie closely to 
the body of the belt. In connecting the ends 
of the belt, the T-shaped parts are twisted a 
quarter-way round, and passed through the 
oval slots in the other end, and then straight- 
ened np again, thus looking the ends to- 
gether. 

General Conditions affecting the Running of 
Belts . — In order that belts may ran well they 
should be perfectly straight, and of equal 
thickness throughout their length ; and they 
should have but one laced joint. The ends 
to be laced should be cut at right angles 
to the sides, and the holes should be oval 
punched. The lacing must be put in evenly, 
of equal strength to the belt, and there must 271 . 

bo no crossing of laces on the inside. 

In the preparation of long belts, groat care should bo taken in selecting the pieces to have thorn 
of equal thickness, and the ends of the several piocos should be evenly scarfed or hovelled, and 
united in some permanent manner. If copper or other rivets are used, the heads should be let 
in rather below the inside surface of the belt, to prevent contact with the pulley, and the washers 
should be placed on the outside surface. If the bevelled and lapped ends are sewed, the wax-end 
should belaid in flush, on the inside of the belt, to prevent wear. 

Care should be taken to have all belts run free and easy, with as much slack as possible on tho 
upper side. When the slack is in this position, its weight forms a most effective tightener, in- 
creasing the adhesion of the belt, by enlarging Ub circumferential contact with the pulleys. The 
amount of this slack should be sufficient to allow tho return, or following, side of the belt, to ran 





tnnity of relief from its tension, so as to be able to contract to its natural texture, it will prevent it 
from breaking by the stress upon it. If, however, it bo kept strained tight on both sides of the 
drum, it will soon show signs of wear, especially by cracks at the edges, and it will last but a short 
time. With loose running bolts, also, the shaft and all bearings will be subject to muoh less 
strain ; and may, consequently, be made lighter than they otherwise could. 

The use of tighteners, with horizontal and inclined belts, should be avoided in all possible eases ; 
and they should only be adopted after overy other means of obtaining the requisite power from the 
bolt has been tried and failed. When used they should be of as large a diameter and as freo 
miming as possible, with perfectly smooth, flat faces, and should, of course, be applied to the 
upper, or slaok side of the belt. 

Vertical, or perpendicular, belts, require to be run tighter than horizontal ones, in order to 
insure contaot with the bottom pulley ; they must therefore, be kept tightly strained, and they 
should be made of leather which has been well and thoroughly stretched in the process of manu- 
facture, to lessen their tendency to stretch by their own weight while hanging on the pulleys. If 
tighteners be used with vertical belts, they should be fixed in such a manner as to operate by their 
teudoncy to fall towards a horizontal position. 

Bolts should bo applied with the grain side to the pulley ; so used, they will not only do moro 
workj but they will last longer than if used with the flesh side to the same. The fibre of the grain 
sido is more compact and fixed than that of the flesh side, and more of its surface is constantly 
brought into contact with, or made to impinge upon the particles of the pulley. The two surfaces, 
that of the band and that of the pulley, should be made as smooth as possible, especially as the 
surfaces in oontaot increase in extent, and the more they impinge on each other. The smoother 
tho two surfaoea, the less air will pass under tho band, and between it and the pulley, as the air 
prevents oontact, and the greater will be the contact, and the more machinery will the band drive. 
The more unoven the surface of band and pulley, the more strain will be necessary to prevent 
the band from slipping. What is lost by want of contact, must be made up by extra strain upon 
the band, in order to make it drive the machinery required ; oftentimes, if the band is laoed, causing 
the lacings to broak, the holes to tear out, or fastenings of whatever kind to give away. Bands 
used with the grain side to pulley will not crack ; as the strain, in passing the pulley, is thrown on 
the flesh side, which is not liable to crack or break ; the grain not being strained any more than 
other portions of the band. 

Belts should not be worked up to thoir full power, and they undoubtedly give the best results 
when running on large pulleys at a high velooity ; the driving side being placed below, as already 
pointed out The best speed for economy of working is from 1200 to 1500 ft. a minute, and it 
should never exceed 1800 to 2000 ft., or the extra strain thus occasioned will seriously reduce 
the durability of the belt 

Horizontal, inclined, mid long belts give a much better effect than vertical and short ones ; for 
a long slack belt will work for years, while a short one under heavy strain is soon destroyed. 



BELTS AND BELTING. IU 

Ou® must, however, he taken that the length be not too great ; as instance the following oase, A 
w-itt- pulley, at 45 revolutions a minute, drove a 15-in. pnlley, about 50 ft distant, by an U-ia. 
belt, 109 ft long. The tops of the pulleys were nearly on the same level, and the belt was 
erased. This belt was continually flapping about, soon became crooked and irregular in width, 
and was frequently torn asunder, at the lacings, by excessive tension; and tbe whole arrange- 
ment proved veiy troublesome until changed to the following The speed of the 60-in., and the 
diameter of the driven pulley, were doubled, and the distance between their oentres was reduced 
to 15 ft The belt now drives with more power, gives greater regularity of speed, and works 
better every Way. 

Sometimes a belt will be found to work badly from causes quite outside its own motion and pro- 
portions ; as instance the following case in practice. A 46-in. pulley on the line-shaft, drives a 
60-in. pulley on a 4-in. shaft, at the rate of 78 revolutions a minute, by means of a 12-in, 
open belt. This latter shaft is situate 7 ft. 8 in. below, and 2 ft. in front of the lino-shaft, and 
carries on its centre an 8-ft. fly-wheel, weighing 3750 lbs. ; and it has a crank with a donble pin 
on its overhanging end, which is connected with and drives two marble saw frames, one very heavy, 
the other of medium size. The belt runs slack and free, and was not touched at the lacing during 
six months of very steady and satisfactory running. Before the 8-ft. fly-wheel was put on, a 
6-ft fly-wheel of about 1450 lbs. weight was used, which a long, troublesome experieuoo proved 
altogether insufficient The belt had to be run very tightly ; it tore frequently at the lacings, even whon 
the laced ends were doubled to make the stronger joining ; and at all times while running, tho lack 
of momentum in the wheel caused unsteadiness of motion in the whole system of gearing m tho mill. 

Slipping . — It is a well-known fact in connection with belts, that they require a greater degroo of 
tension, to prevent their slipping, whon running at a high than they do at a low speed, various 
reasons have at different times been advanced to account for this ; but tho following appears to bo 
tho true cause. 

The centrifugal force of tho belt, acting against its tension, causes it to slacken its grip of tho 
pulleyB, and this force naturally increases in direct proportion with tho speod For it can be 
proved from tho elementary laws of dynamics, that if an endless band, of any figure whatsoever, 
run at a given speed, the centrifugal force produces a uniform tension, at oach cross section of tho 
band, equal to the weight of a pioce of tho band, whoso length is equal to twice tho height from 
which a heavy body must fall in order to acquire tho volocity of the hand. 

If tc be the weight of a unit of length of the band, v the speed at which it runs, and g tho 
velocity produced by gravity in a second = 32 ; then the oentrtfuyal tendency, as it uiay he called, 

has tho following value ; . 

The effect on the hand in motion is, that at any given point, the tension which produces pressure 
and friction on the pulleys, or available tension, as it is called, is loss than the total tension, by an 
amount equal to the centrifugal tension ; for this amount is employed in compelling the particles of 
the band to circulate in a closed or endless path. It is, of course, to tho total tension that the 
strength of the band is to be adapted, therefore the transverse dimensions of a lxmd, for transmitting 
a given force, must be greater for a high than for a low speed. 

Shafts and Pulleys — Shafts . — In the placing of shafts that are to be connected with each other 
by belts care should be taken to obtain a proper distance between them. For if tho distance be too 
great the weight of the belt will produce a very heavy sag, and will draw so hard upon tho shaft 
as to produce great friction in the bearings ; the holt at the same time having so unsteady and 
flapping a motion, as will tend very soon to destroy both itself and tho machinery. If, on the other 
hand, the shafts are brought too close together, there will be a loss of driving power from the belt, 
on account of the reduction of the sui face-contact between itself and the pulleys. A general rule, 
and one which has been found to give very good results in practice, is as follows ; — Whore narrow 
belts are to be run over small pulleys, 15 ft. is a good average. For larger belts working on larger 
pulleys the distanco should be from 20 to 25 ft. ; while shafts on which very large pulleys are to 
do placed should bo from 25 to 80 ft. apart. Another rule gives tho distance between shafts to 
equal ten times the diameter of the smaller pulley. 

Shafts which are to be connected by belts should never, if it can possibly be avoided, be placed 
one directly over the other ; for in such a case the belt would require to bo kept very tight to do 
the work. It is desirable that the angle of the belt with tho floor should not exceed 45°. Circum- 
stances, however, generally have much to do with the arrangements, and the engineer must use his 
judgment, making all things conform, as far as may be, to general principles, always bearing in 
mind that the distance between the shafts should be such as to allow of a gentle sag to the belt 
when in motion. 

Wronght-iron shafting of 1 in. diameter will transmit between 14 and 15 horse-power at 100 
revolutions a minute, before there is any set twist ; a shaft 2 m. in diameter will transmit 100 
horse-power before twisting ; and a shaft of 4 in. diameter, and running at the Bam© velocity, is 
capable of transmitting 800 horse-power before twisting, but will frequently bo broken by very 
much less power if out of lino ; while 1 or 2-in. shafting, being flexible, will hardly be influenced 
by sm a ll variations. It will be seen from this that torsion is hardly to be considered Sn shafting a 
mill, as it will require larger shafting to prevent springing by transverse pressure than it does for 
torsion ; a shaft being seldom twisted off, but generally broken by jar of gears, by being out of line, 
or by transverse strains. In advocating (be use of small shafting it is not pretended that, theo- 
retically, there is any saving of friction in transmitting the same amount of power, but that in most 
oases the diameter is larger than required, as the transverse strain requires a larger diameter 
than the torsional, as above stated. For it evidently requires the same amount of friction to transmit 
a given cower with a 1-in. as it does with a 6-in. draft, as the 6-in. shaft would, of course, run 
very much slower. 
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Pulleys . — The faces of all pulleys must be true and concentric, and their shafts parallel to each 
other ; for, if this is not the case, the belts running upon them will require guiding, and this will 
cause their edges to wear very rapidly. Pulleys for shifting belts should be straight-faced, unless 
the shafts arc far apart, m which case they may be slightly convex. 

Flanges to pulleys and belt-guides should be avoided, except for pulleys on upright shafts, or 
where two belts run closely together on the same pulley, or on two adjoining pulleys of like 
diameter ; and even in these cases with a high speed they may often be discaided. 

To find the ratio of the speed of turning of two pulleys connected by a band Measure 
the effective radii of the pulleys from the axis of each to the centre line of the belt ; then the speed 
of turning will bo inversely as the radii. The effectivo radius of a pulley is equal to the radius 
plus half the thickness of the bolt. 

Pulleys covered with leather will diive from 25 to 50 per cent, more than smooth iron 
pulloys. 

From a number of experiments caniod out by Hoyt, Brothers, of Now York, the percentage 
of resistance of bands on various pulley s was found to bo nearly as follows ; and this percentage 
will indicate the relativo woiking value of each pulley respectively : — 

Leather-covered pulleys 3G per cent. 

Smooth polished iron 24 to 30 „ 

Rough turned iron 15 „ 

Polished mahogany 25 „ 

When it is required to cover an iron pulley with leather, the leather should first be steeped for 
a few hours in a Btrong infusion of gall-nuts. Then cover the metal with a layer of hot glue, and 
apply the leatbor to it on the fleshy side ; considerable pressure should be employed in order to 
ensure perfect contact between the two substances, and the pressure should be maintained during 
the whole time that it is drying. When fastened in this manner the leather will resist the effects 
of moisture, and may be torn Booner than separated from the metal. The following method of 
preparing the glue for this purpose is much recommended ; — Soak the glue in good cider-vinegar, 
and, after it has dissolved, aad to every quart of the solution 1 oz. of Venice turpentine ; then 
let it oook for five or six hours, and it will be ready for use. Large pulleys and arums may be 
covered with narrow strips of leather wound round spirally ; but narrow pulleys should be covered 
by leather of the same width as the pulley face. 

Cast-iron pulleys of large diameter are not suited for running at high velocities, owing to 
unequal shrinkage in cooling and other imperfections. Running slow the centrifugal force has but 
little effeot ; but as the centrifugal force is as the square of the velocity, it is not so easily overcome 
in rapid motions. * Making the rim of the pulley thicker only inoreasos the centrifugal force, as 
this force is proportional to the weight of the mass in motion, and consequently nothing is gained 
by the extra iron. To overcome this difficulty large pulleys have generally been constructed of 
wrought iron, the tensile streugth of which being much greater than that of cast iron, enables the 
rim or the pulley to be made much thinner, and the centrifugal force to be consequently very con- 
siderably reduced. But the best aud cheapest method of construction for large pulleys appears to 
be that adopted by Daniel Hussey, of Lowell, Massachusetts, which he thus describes ; — White 
pine felloes made of 1-in. boards, and breaking joints for the rim, are built on cast-iron hubs and 
arms. Now the centrifugal force of material is as the specific gravity, and the specific gravity of 
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cast iron is thirteen times that of pine, hence the centrifugal force must be thirteen times greater ; 

B f wn 9ft of 0a ^, iron ^ OI i ly ? ne . of t . hat of therefore the rim of a pulley 
made of white pine felloes, will sustain from four to six times the centrifugal foroe of a rim mado 
of east iron; teat u, .the same diameter with white pine felloes will run at more than double 

b yj- or blow, anil is h. 


were s lid to work well. 


It will be seen from tho following paragraph that groat diversity of opinion exists as 
to .,™ e F°l* r convexity to bo given to tlio faces of belt pulleys; the' proportion of rise to 
width of pulley face varying in the different formulas from one-tenth to one ninety-sixth Tho 


rounding should evidently be mado as slight as is consistent with security, since every deviation 
from the cylindrical form is accompanied by a loss of force. For in tluir progioss round the 
pulleys the different parts of tho belt nits stretched and relax! d alternately. Now if the material 
of the belt were perfectly elastic, the faro ■ expended in tho distension would to reproduced on the 
contraction of the belt. The amount of loss duo to this imperfect elasticity is not known, but it 
will certainly be increased in propoition to the disturbance of tho particles of tho bat that is. tho 
higher the rounding of the pulleys the greater will bo tho loss duo to tins oauso. 

Morin says;— The pulleys over which belts pass ought to have a convexity equal to about ono- 
tenth of their breadth. Molosworth ; belt pulleys should bo mado slightly convex, in a ratio of 
half-an-ineh to each foot of breadth. Another proportion gives ono-eighth of an inch rise for 
8 inches of width. And another one-eighth of an inch to the foot. Tho propoi tiou of rise to 
width will require to be greater for narrow pulleys than for wide ones. 

It may be observed that this very provision, namely, the round ng of the face of the pulley, 
which keeps the Ik It in its place so long as the machinery is in proper action, tends to throw it off 
whenever the resistance becomes so great as to cause a slipping, To maintain a belt on a pulley 
it is necessary to have the udvnneing part in the plane ot the wheel’s rotation. 

Many reasons have been advance d to account for the lalt running to the higher pint of tlio 

pulley, but the chief cause appears to be tin* following That edge* of tho lx It which is towards 

the larger end of the cone, is more rapidly drawn than the other edge ; in consequence of this, the 
advancing part of the lx It is thrown in the dmetion of the larger pait of the cone, mid' this 
obliquity of advance towards the cone must lead the licit on to its higher part 

In Fig 272 is shown an improved form of fast and loose pulley, introduced in 187(J by Crafts and 
Filbert. In this arrangement the loose pulhy </, is made 2 in. less in diameter than the diiving 
pulley 6, and is provided with a conical Hanger, by ’ 

means of which the belt mounts to tho driving pulh y. 

The difference m diameter of the two pullcyH will . 

slacken up the belt 3 in., taking the strain off the holt - — 

and. tho friction from the pulley, and allowing tin bolt to | 

contract when thrown off the tight pulley. By these I 

means the belt lias a chance to give and t ike, as it is | 

always in a slack condition when on the loose pulley, 

and should contract enough to keep it tight for a long * » 

period; for whatever will relievo the belt of si jam y r n I ^ 

will add to its durability. There is eoiihidoiable wear I ' J * 

and tear on a belt in shifting it with the oidmary 
pulley; for m starting a heavy machine it ismciHsury 
to hold the belt on with the shifter until the machine 
is in full motion, and during this time the edge of the 

bolt is rubbing agaiust tho shifter, t< firing up the corners [ ^ 

of tho laps and wearing away. Tlu* llanged pulley, 
however, requires very little aid from the shifter, tor 

when the belt is brought to touch tin* flango it immediately climbs to the tight pulley, and 
remains there, sturtiug the machine quickly. 

Cone Pulleys. — Cone pulleys consist of a series of pull ys of diff r< nt diameters, and are gt neiully 
formed in one casting, They are fixed in one ord< r of Mice* ssiou on the driving shaft, and in the 
reverse order on the driven ; the hinn of the respective diameters of cadi pair lx ing such that the 
game belt will run with equal tension on any pair. These pul by h are employed in lathe*, and m 
other machines, where it is required at times to vary tho vtloi ity of the driven pulley, wJule tho 
rate of motion of tho driver remains constant. For crossed bolts these pulleys are equal stepped 
cones, so proportioned that the sum of the diameters of e cli Ik Itod pair is the same. For 
uncrossed or open belts a pair of equal and similar frustra of conoids, bulging in tlio middle, must 
be constructed according to the following formula. Let c denote the distance between the axis of 
the conoids, r 1 the radius of larger end of each, r* the radius of the small* r end ; thou the radius 
of the middle, r*. is found as follows : 

. - ^ + ** O 4 - 

~ 2 + 6*28c 

Having found the three points, r 1 , r\ r*, Fig. 273, describe an arc of a circle passing through them, 
and upon this draw the faces of all the pulleys in the series, in the manner shown. 

In order to show why an open belt would not have equal tension on all the pulleys of an equal 
stepped oone ; let a \ Fig. 274, be two equal stepped cones on parallel axes. Now, if the sum of 
the diameters of the extreme pulleys e / be equal to the sum of the diameters c d, the connecting 

i 
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strips of the bolt e f and o d should be equal, for the enrolled parts are equal by the oonstrnotion of 
the cones; but ef and c d cannot be equal, for they are not parallel, ana henoe it appears that c d, 
being at right angles to the shafts, is shorter, than ef; therefore, in order to preserve a certain 
tension of the belt, when on the extreme pulleys, the middle pulleys must be larger than the size 
given by equal steps, in order to take up this difference. 



Arrangement of Belts . — In laying out the guar of a mill it is important to arrange the 
drums and belts in such a manner, that, so far as may be practicable, the stress of one belt 
upon the journals shall be counteracted by that of another belt in an opposite direction. Often, 
however, cases will arise in which it is compulsory to place the main shaft at the side of the mill ; 
but this position should be avoided whenever possible, as it throws the whole of the strain upon one 
side of the journals and bearings, and consequently causes them to woar unevenly, and soon to be- 
come looso. The best position for the main shaft is undoubtedly the centre of the mill; the 
position of the secondary shafts being of minor importance. 

In some American factories one long belt is made to run the wholo round, from top to bottom of 
the mill ; turning every main shaft, passing where necessary over carrier pulleys, and working its 
way to and fro. This is not a good plan, as the belt is required to bo of abnormal length; and. 
having all the stress upon it, it must bo sufficiently wide to take off nil the power. It is likewise raoro 
costly than neeossaiy, bosides possessing soverul other disadvantages. 

This arrangement is shown in Fig. 275. A is the mam driving pulley, from 8 to 12 feet in 
diameter, which is geared from and driven by tho water wboel B ; V is the busement, D the carding 
room, K the spinning room, F the weaving room, and G the diossing room The lines of drums and 
shutting, in tho carding and weaving rooms, are shown by tho letters a to j ; 1, 2, 3, and 4 are the 
binders or guides, to lead or bind the bolt in the required direction. The linos of drums extend 
very nearly throughout tho whole length of the mill inside, and, for a mill of 4000 spindles, 
are driven oy two belts operating in the manner shown. These belts must each be about 320 feet 
long, and from 12 to 15 inches wide ; and it will require from 600 to 700 lbs. of stout belt leather 


275 . 



to make each one. They are undoubtedly bulky, ponderous, and unmanageable ; and whenever a 
lacing breaks, to which accident belts are frequently liable, they are likely to run nearly or quite 
off the arums ; and this would cause the stoppage of the whole of the machinery, besides requiring 
the work of some six or eight men, for several hours, to put them on again. 

The simplest and best method of driving by belting, which is also the cheapest and the most 
durable, is to convey the power from the main driving shaft direct to each room by a separate 
strap ; and if ipore than one shaft be required in any one of the rooms, to drive it direct from the 
other by a separate strap; apportioning the width of each belt to the power it is required to transmit, 
and where it is qeoeaaarily short, allowing a little extra width. 

of laying ont a mill is shown as applied to driving a mill of four stories, 
pine hich two shaftsare required in the bottom room : these may both be driven direct from the first 
arms, in the manner shown in the figure, a is the main driving shaft, and is driven direct from the 
\ 
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steam engine, or other motor, at tho rate of 80 revolutions a minute ; b is a strong well-balanced 
drum, of 15 feet diameter and about 3 feet wide, keyed on to the shaft a, and having therefore a 
surface velocity of about 3770 feet a minute. The pulleys 6 1 , 6*, b\ and b* are each about 3 feet in 
diameter and 6 inches wide, they are keyed to the respective shiifts which they have to drive, and 
will, in this case, make about 200 revolutions a minute ; but their speed may, of course, bo varied 
by altering their diameter. But whatever else is done, the speed of the straps must be kept up, 
for in this lies one of the great Becrets of success in belt driving. The shaft A, if the power be 
steam, will be the engine crank shaft, and the drum upon it will act ns a fly-wheel ; for, without 
being heavy, it will have great vis vwa, by reason of its great speed. Tins pulley must be turned a 
little convex at the centre of the place where each strap comes upon it, and there must also be a flat 
space of about 3 or 4 inches between each hump, so as to admit of each belt being boxed up 
separately, in order to ensure its running in its proper place. By these moans, should any one of 
the belts break, it cannot in any way interfere witin the others, as it runs in a separate box all 
the way up. 

Length. — Having properly arranged and proportioned the main driving shafts and pulleys and 
arranged the machinery, the next thing to bo done is to determine the lengths and widths of the 
several belts required. 

To find the length and course of a belt, apply a tape-line or string to the pulleys where the licit 
goes, and then measure the length of the string by a two-foot rule ; or make a drawing, full-size or 
to scale, and step dividers around the course of the belt. By means of such drawings the plooea 
where the belt passes the floors, and the like, can bo also found. When it is not convenient to 
measure with the tape-line the length required, the following rulo will bo found of service ; — Add tho 
diameters of the two pulleys together, divide the result by 2, and multiply tho quotient by 81 ; add 
the product to twice the distance betweon the centres of the shafts, which will givo the length 
required. 

To measure the length of a belt in coil; — Let D = mean diameter of the roll in inches, d the 
mean diameter of the eye of roll in inches, and n the number of turns. 

Then the length L = (D d) n • 1309 feet. 

Width. — The following rules for calculating tho requir<*d width of leathor belts aro taken from 
Moles worth’s Pocket -Book , — 


V ss Velocity of licit in feet a minute. 

H.P. = Horse-power — actual— transmitted by belt, 
ft = Strain on belt in lbs. 

W = Width of single belting — in. thick— in inches. 
8 = x + b. 

W = *02 ft. 

33000 II. P 


k = 1*1, 0 77, ami 0-G2, when the portion of tho driven pulley ombracod o\ the 
belt = *4, *5, *G, of the circumference respectively. 


For double belting the width equals W X * 6. 
Approximate rule for single belting Ar incli thick ; — 

, Tr 1100 II. P. 




44 The formulae* given above apply to ordinal y cases, but aro inapplicable to cases in which very 
small pulleys are driven at high velocities, us m some wood-cutting machines, and fans. The acting 
area of the belt on the circumference of the driven pulley being so small, that either great tension 
or a greater breadth than that determined by the formula, is required to prevent the belt from 
slipping. 

“ In such extreme cases of high-speed belts, And the breadth of the first-motion belt by the 
formula for ordinary belting above (a), then if— 

A = Acting area of first-motion belt, 
v = Velocity of first-motion belt 
a = Acting area of high-speed belt. 

V = Velocity of high-speed belt. 

Ac 

" = -v- 


44 The acting area of either belt = / x b. 

44 Where / = length of circumference of driven pulley embraced by the belt ; and h = breadth of 
the belt, therefore; — 

b = -in the case of tho high-speed belt. 

“ If there is no fir^t-motion belt exclusively for the machine it will be easy to suppose a 
case, from which the breadth of the high-speed belt may be calculated, 

44 Buie (a) is equal to 91*6 square feet of belt a minute for each horse-power.” 

Belts for driving wood-working machinery require to be wider in proportion to the power 
required than for metal-working machines ; for, on account of their hard and dry surfaces, they 
possess much less driving power than the latter belts, which are kept soft and pliable by continual 
contact with the oil. 

John Richards, in his practical 4 Treatise on Wood Machinery/ says 

“ The belting for circular saws is, ns a rule, too narrow, or upon pulleys of too small diameter. 

♦ i 2 
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To drive a saw well, and without injurious strain upon tho bearings, belts should bo one-third the 
diameter of the saw in width, and the pulley equal in diameter to the width of the belt ; which is a 
very simple rule, and does not give any more than the needed driving force under fair conditions. 
One-fourth the diameter of the saw to be taken as the diameter of pulleys on cross-cutting spiudli s. 
The breadth of the pulley faces to be once and a half the diameter. 

u The convexity of pulleys, to keep belts central, should be suffloient for the purpose and 
no more, as anv great degreo of convexity interferes with the contact and tends to the destrn •turn 
of the belt, unless both pnlleys have their faces the same, a thing impossible in the case of shifting 
belts. For pulleys of from 2 to 24 inches face, the convexity should be from one-eighth to one- 
sixteenth of an inch to tho foot, graduated inversely as the width of the faces ; for pulleys of nai- 
rower face, tho convexity may be slightly increased. This is quite sufficient to govern the running 
of belts, and a necessity for more indicates a fault in the position ot the shafting. 

“ For spindles having unusually high speeds, the writer has found belts of cotton webbing to be 
preferable. Such belts, if cloudy wovon and of the best material, will, when waxed, bo found to 
nave a high tractile power, and to wear well ; while their comparatively light weight prevents their 
lifting from centrifugal force.” 

The width of a belt varies in direct proportion to the power to bo transmitted, and inversely as 
the speed ; and this width should, of course, be calculated for the maximum resistance to be o\ c r- 
oome, and not for the average. If the power of a belt 18 inches wide be required, it will generally 
be found to be much better to put in two 9-inch belts than one so wide ; owing to the inequalities 
in such large pieces of leather, unless they are very carefully selected and prepared, causing grout 
loss of adhesion. 

Driving Power of Belts . — The following facts relating to tho transmission of power by bolts are 
taken from Box’s ‘ Practical Treatise on Mill Gearing/ 

“ Let A, Fig. 277, bo a pulley fixod so as to be incapable of turning, and T t weights suspended 
by a belt E, which passes round the pulley, and may be caused to embrace it 
more or less by a small guide-pulley D. Let now the weight T be increased 
until the friction of the bolt is ovorcomo, and it slips on tho pulley, tho weight T 
descending. 

“Tho ratio between T and t varies— 

“l.-With the coefficient of friction of the material of the belt E, sliding on 
the matorial of tho pulley A. 2- With the proportion which the arc of tho pulley 
embraced, bears to the whole circumference of the pulley. 

“ It is independent of tho breadth of the belt, so long as T and t remain the 
same, but inasmuch as T and f, or tho strain on the belt, may increaso with tho 
width, this must not bo understood to moan that a narrow bolt will drive as 
much as a wido ono ; for, other things remaining the same, the strain, and there- 
fore the driving power, varies directly and simply ns the breadth. 

“The ratio between T and t is also independent of the diameter of the pulley, 
other things remaining tho same, thus, for instance, a strap which slips on a 
pulley 1 ft. in diametor, with a weight of 1 cwt. ono side, mid 2 ewt at the 
other, would do the sumo on a pulley 10 It. or any other diamoter, the sui faces bomg similar. 

“ This appears contrary to our instinctive notions, but is quite correct, as proved by experi- 
ment. But this must not be understood to mean that a small pulley will curry as much jiowt r as a 
largo one, for obviously, if l>otli are set in motion, makiug the samo number of revolutions per 
minute, the relative speeds of belt would bo proportional to tho diametors, and the power would vary 
in tho same ratio. 

“ From Morin’B experiments tho coefficients of friction are as follows ; — 

•47 for leather belts in ordinary working order on wooden pulleys. 

•28 „ „ „ „ cast iron „ 

•88 „ „ soft and moist „ „ „ 

•50 „ cords or ropes of hemp on wooden pulleys. 

“ It appears from Morin’s experiments with cast-iron pulleys, that the driving powor is tho 
same, whether they are turm d or not, the adhesion of tho belt to the polishod surfaco generating 
as much friction as with a rough surlaco. 

“ If we take the case of a belt in ordinary working ordor on a cast-iron pulley, tho coefficient of 
which is *28, and calculating for four cases in which the circumfereneo is successively and 

wholly embraced, wo find that while t = 1 in all cases, T becomes successively 1’553— 24’1— 3*77 
and 5*81, 

“The following table is calculated in this way, and gives throughout the value of T when t =1 
for different kinds of surface of pulloy and states of belt. Decimal parts of circumference of pulley 
are given instead of vulgar fraction as above. 

“ When a rope is used, and it is wound more than once round the drum, the frictional power is 
enormous ; thus with a rough wooden pulley, and a rope 2-5 times round it with < = 1, T is 2575 *3. 

“ We have so far considered the pulloys os fixed ; wo will now apply the loregoing facts to the 
case of pnlleys in motion. The mechanioal conditions of a driving pulley, with half its circum- 
ference embraoed by the belt, are shown by Fig. 278, in which wo nave, as before, the pulley A and 
the weight T and f as in Fig. 277, whore wo found them to be respectively 1 and 2*41. But in this 
case the pulley A being free to turn, the weights T and t being unequal, there would be no 
equilibrium without an additional weight at Q, and supposing the drum J to be of the same 
diameter as the pulley A, it is self-evident that the sum of Q and t must be equal to T; therefore 
T - <=Q; or 2-41 - 10=1*41-Q. 
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Table showing Ratio op the Strains on the Belts op Driving Pulleys, Q = T - * (Box). 


Kal io of the 
Arc em- 
braced by 
the Belt to 
Dk* entire 
Chcum- 
fprence. 1 

t 

New Belts 
on Wooden 
Pulleys. 

Belts in ordinary state on 

Soft Belts 
on Cast-iron 
Pullejs. 

Hopes on Wooden Drums. 

Wooden 

Pulleys. 

Cast-Iron 

Pulliys. 

Rough. 

Polished. 

T. 

Q. 

T. 

Q. 

T. 

Q 

T. 

1 Q. 

T. 


1 T - 

Q. 

•2 

| 1 

! 1*87 

*87 

1*80 

•80 1-42 

*42 

1 * 61 ) *61 

1*87 

*87 

1*51 

•51 

*3 

1 1 

2*57 

1*57 

2-43 

, 1-43 1-09 

*69 

2*05 1*05 

2*57 

1 57 

1*86 

•86 

*4 

1 

3*51 

2*51 

3*26 

2*26 2*02 

1*02 

2*60 1*60 

3*51 

2*51 

2-29 

1-29 

•5 

1 

4*81 

3*81 

4*38 

1 3 - 38 , 2-411 

1*41 

3*30 2*30 

4*81 

8*81 

2*82 

1-82 

•0 

1 

6*59 

5*59 

5 * 88 , 

4 * 88 ' 2 * 87 ! 1*87 

4*19 3*19 

6 58 

5*58 

3*47 

2-47 

•7 

1 

9*00 

8-001 

7*90 

6*90 3 * 43 ' 

2*43 

5*32 4*32 

9*01 

8*01 

4*27 

3-27 

•8 

1 

12-34 

11 * 3410 * 62 , 

9*62 4*09 

3*09 

6*75 

5*75 

12*34 

11*34 

5*25 

4-25 

•9 i 

1 

16 * 9015 * 90 14*27 13*27 4*87 

3*87 

8*57 7*57 

16*90 

15*90 

6*46 

5-46 

1*0 

1 

23 * 14 22 * 14, 19 * 16, 18 * 16 , 

5*81 

4*81 

10*89 

9*89 

23*90 

22*90 

7*95 

6-95 

1*5 

1 









111*31 

110*31 

22-42 

21-42 

2*0 

1 i 









535*47 

534*47 

68-23 

62-22 

2*5 

1 



1 






2575*30 

2574*30 

178-52 

177*52 


“ Tho meclmnieal power transmitted by tho belt, supposing Q to bo raised by a rope ooiled around 
tlir drum as a hoist or windlass, is tho difference betwoon T and t , and Q might bo increased 
indefinitely, if we could increase T ami t indefinitely in tho normal proportion ; there is, however, 
u limit to which this can bo done, namely, tho cohesive stiength of tho strap by which tho heaviest 
weight T is carried. Where leathir is used wo can obtain the requisite cohesive strength by 
increasing the width of the belt, or by making it a doublo or treble one, and tins width must mall 
casos be proportional to T and not to t or Q. 

“Iu Fig. 278 G may represent the engine shaft, II its crank, and P tho power which is equal to 
Q. It will be obs< rved that the wuglit c, or pressure on tho betmngs duo to tho tonsion on tho two 
stmps and also tho maximum tension T, is much greater than tho power P or tho weight Q. 




2*41 

“If the weight Q had been 1*0, tho maximum tension T would evidently have beeiij— =1*71, 

and the minimum tension t have been ^ = • 71 , and thus wcobtaiu the strain as shown in Fig. 279 » 

1 *41 * 

tliis is the most useful form in which the question can 1 m* put, as we thus obtain the proportional 
maximum strain or width of belt for a unit of power at P, 

“ With a wooden pulley, the friction of tho surfaces is greater, and the stiains for the weight Q 
are different Here for t = 1 wo find by the table above that T is 4 * 38 aud hence Q — 4*38— 1 = 3' 38. 

4 38 1 

For Q or P= 1 we should have T= — - = 1*29, and t = — = • 29 ; so that with the same power 

0*08 3 Jo 

P, a belt 1* 29-inch wide, on a wooden pulley, would do as well as one 1'71-inch wide on a cast- 
iron one. 
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“In the case of a pulley of oast lion with * of the one embraced, the table shows that T = 1 *42, 
and t being l'O, Q will be 1’42 - 1>0 = *42. For Q = 1 we have T = -^ = 3 38, andt = — 
= % ‘88 

With a crossed belt on cast-iron pulleys the arc embraced being j^ths of the circumference, 
we have T = 3*43, by table t = 1, and Q = 2*43 ; and hence with Q = 1 we obtain T = = 

1.41,ondt=i i§ =-41. 

“ Comparing all the cases presented it will bo seen that with the same engine power, the breadth 
of belt would be in the latio 1*71, 1*29, 3*38, and 1*41.” 

The annexod table shows the results of a series of experiments which were made for the purpose 
of ascertaining the facts governing the transmission of power by means of belts and pulleya . The 
appai atus used consisted of cast-iron pulleys of 12 and 24 in. in diameter, having slightly 
rounded and smoothly turned faces, and with their axes fixed in a horizontal position. Over these 
pulleys belts of various widths were laid, and to their pendant ends certain equal weights were 
attached ; weights were then gradually added to one side until a perceptible motion occurred, when 
the whole was noted. 


Dia- 
meter of 
PulUy 

Material of 
belt. 

l Thick- 
ness of 
Belt. 

Width 
ot Ik It. 

[ 1 

! Weight on 
Platform, 1 
including 
Platform ' 
and Parts. 

Wright 
on Hook, 
includ- 
ing 
Hook 

II 

t- O 

1 

Amount 
of Ad- 
hesion. 

| Proportion 
existing 
between 
r l ension 
and 

Adhesion. 

Remabks. 

Indies 

12 

Leather 

Inches 

A 

inches. 

1 

inches > 

150 | 

lbs. 

50 

lbs. 

200 

lbs 

100 

2 : l 

V The same belt in both 

24 

» 

41 

1 

150 1 

50 

200 

100 

2 : l 

/ cases, old, but good. 

12 

»> 

„ 

11 

2 

151 | 

50 

201 

101 

2 : l 

Old lathe belt, sticky. 

12 

11 

2 

300 

100 

400 

200 

2 : l 

Old belt, in good order. 

24 


11 

2 

150 

50 

200 

100 

2 : l 

ii i> »i 

12 


x 11 

3 

150 

50 

200 

100 

2 : l 

ii ii n 

24 


11 

3 

300 

100 

406 

206 

2 : l 

Results doubtful. 

12 

Rubber 

3-ply 

2 

190 

50 

240 

140 

12 : 7 

Old belt, in good order. 

24 

>» 

ii 

2 

309 

100 

469 

269 

23 : 13 

ii ii ii 

3G 

»» 

»i 

4 

372 

j 100 

472 

272 

59 : 34 

ii ii ii 


From the above tablo it will be seen that the adhesion of any open belt is directly as the tension, 
and not as the surface in contact ; for the same results invariably attended the same tension, 
whether the belt wob double the width, or the pulley double tbo diameter, or both. From this it 
follows that if we wish to inoioabo tlio adhesion, oi driving power of any belt, without increasing its 
width, or tho stiain upon the shafts and journals, we must increase the angle of contact between it 
and the surface of tho pulley. Now tho greatest possible angle for an open belt, without a carrier 
or tightener, is 180^, as upon either the driving or driven pulley this cannot bo oxceodod ; but for 
crossed, carried, or tightened bolts, the angle may bo as large as 270°. 

The following table gives the powei transmitted by belts of various widths, running on pulleys 
ono foot in diameter, at a speed of one revolution a minute , and making various arcs of contact 
with the pnlloys. 


Width 



Aics ot Contact of B *lts upon Pulleys corresponding to the Angles. 



or 

lit it. 

90°. 

100°. 

110 u | 

120° j 

135° 

150°. 

180°. j 

210°. | 

240°. 1 

270°. 

indies 

foot-lbs. 

loot-lbs. 

foot -lbs. 

foot-lbs 

foot lbs 

foot-lbs. 

foot-lbs 

foot-1 i/B 1 

foot-lbs. 

foot-lbs. 

1 

102 

109 

116 1 

123 

132 

140 

154 

165 

174 

181 

2 

203 

219 

1 233 

240 

264 

280 

308 

830 

348 

361 

3 

805 

328 

349 

369 

396 

420 

462 

495 

521 

542 

4 

406 

437 

466 

492 

528 

560 

616 

660 

695 

723 

5 

508 

i 547 

1 582 

615 

660 

701 

770 j 

825 

869 

904 

6 

609 

, 656 

699 

738 

792 

841 

924 

990 

1043 

1084 

7 

711 

766 

t 815 

861 

924 

982 1 

1078 1 

1155 

1217 

1265 

8 

813 

875 

932 

985 

1056 

1122 

1232 I 

1320 

1391 

1446 

9 

914 | 

981 

1048 

1108 

1188 

1262 1 

1386 | 

1485 

1564 

1626 

10 

1016 1 

1094 

1165 

1231 

1321 

1402 J 

1540 

1650 

1738 

1807 

11 

1118 

1203 

1282 

1354 

1454 

1543 1 

1694 

1815 

1912 

1990 

12 

1219 

i 1312 

1398 

1477 

1586 

1683 

1848 

1980 

2086 

2171 

14 

1422 

1531 

1613 

1723 

1850 

1963 

2156 

2310 

2434 

2683 

16 

1626 

| 1759 

1864 

1970 

2114 

2244 

2464 

2640 

2781 

2894 

18 

1829 < 

1968 

2097 

2216 

2879 

2524 

2772 

2970 | 

3029 

3356 

20 

2032 | 

1 2187 

2330 

2462 

2643 

2805 

3080 

3800 

3477 

3618 

24 

2438 I 

2624 

2796 

2954 

3161 

8366 

3696 

3960 

4171 

4342 

30 

3048 

3280 

3395 

3693 

3964 

4207 

, 4620 

4950 

5215 

5427 
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To make use of this table to calculate the driving power of any belt, when the width and angle 
of contact of the belt, and the diameter and number of revolutions a minuto of the pulley are 
known ; find in the table, the number which stands under the given angle of contact and opposite tho 
width of the belt, and this number multiplied by the diameter of the pulley in feet, and the product 
by the number of revolutions a minute, will give the power transmitted by tho belt in foot pounds. 
For instance, a belt 6 in. wide running over a pulley 3 ft. in diameter at the rate of 200 
revolutions a minuto, and having art angular contact of 210°; will transmit a forco of 990 x 3 X 
200 = 594,000 foot-pounds, or 18 horse-power. And a 1-inch belt miming on a 1-foot pulley at the 
rate of 215 revolutions a minute, the angle of contact being 180°, gives about one horso-]w>wor. 

Comparison of Single and Double Belts. — When it is required to increase the power of any belt, it 
will generally be found much better to increase its width than the thickness ; for with a double 
belt, the extra tensile strength obtained is counterbalanced by its want of contact with the pulleys, 
and tho extra power required to bend it owing to its want of pliability. 

When bent round the circumference of a wheel, the outer parts of tho belt are distended, and 
the inner parts relaxed ; and, supposing tho section of the belt to he rectangular, tho umnunt of 
force expended in making these changes will be proportional, directly to its breadth and the square 
of its thickness, and inversely to the diameter of the wheel. Hence if two belts be of like stiength, 
but the one broad and thin, the other narrow and thick, tho amounts of forco expended in bending 
them must be proportional directly to their thicknesses, and lienee the advantage of using broad, 
thin belts. 

Fiom these considerations it will be seen that the practice of strengthening belts by riveting, or 
sewing on, an additional layer must be exceedingly objectionable ; indeed, it is difficult to see how 
any additional strength is gained ; for the outer layer must be tight when on the wheel, mid slack 
when free, so that, in reality, the strength of only one layer tan bo available. The paits of the 
compound belts are puckered and opened alternately, ns evinced by the crackling noise. 

In all places where a high rate of speed is required, single belts will be found to Ik* much more 
serviceable than double or treble belts; it being much better, for the reasons already pointed out, 
to incieaso the width than the thickness, when nunc powir is requited. Wlun, however, it is 
required to transmit great power at a low velocity, double or treble h its may otten be* < mplojed with 
great advantage. These belts me gem i ally prepared in the lollovving manner ; — The two or thrt e 
thicknesses of leather are first cemented together, and art* afterwards sewn tluougliout their entire 
length, either with strong, well-waxed hemp, or with thin strips of hide prepared with alum ; the 
latter being generally employed for this purpose in the North of England, but its advantages over 
good, waxed hemp are very doubtful. 

An improvement on the ordinary double billing has been introduced by Hepburn and Sons, o! 
Southwark, who have given much attention to this branch of leather manufacture. This impiove- 
ment consists in the use of a corrugated stiip of prepared, untaiiiud hide for the outer layer ol tho 
belt, and the usual tanned leather for the inner luyor ; Ihc two being li voted together by maehim ry. 
The rivets are made of copper or of malleable iron, and have their ends spread, h< id, and diiven in 
flush with the surfaces of the layers. Metallic sewing of this kind is much more durable than 
ordinary hand sewing; and it lias been applied to double belting made entirely of tunned leather 
with oqually good resultH. ' . 

Wide Belts . — Tho ordinary method of making two or more ply belts is shown in rig. 
Pieces of the required width are cut fiom the centres of the links, the tnds arc spliced, and on 
this one layer others are built up to the lequired thickness, the lengths in each layer breaking 
joint, crosswise of the btlt, with those below it ; the width of each layer being, of eouise, in one 
piece. This brings the back centre, or firmest part of the leather, markod 1$ (J m tile figure, into 
the centre of the belt, the edges being coinjiosed of the side portions ot the hide, K E, which are 
yielding in comparison with tho middle. 

This method of construction possesses threo great disadvantages ; — All tho pulleys bung more 
or loss convex on their faces, and the middle of the belt being firm and not conforming to this 
convexity, while the edges are of compaiativ< ly loose fibre, the consequence is tlmt the edges ot 
the belt will not bind down to tho edges of the pulley, and alter tunning a short time they will 
stretch moie than the centre, owing to their loose 
fibre, and the absence of that lateral suppoit which y*o. 

the central portions have. Thus only a portion of 
the width of the belt is effective ; and, consequently, 
much less power is transmitted by it than would be 
the case if the whole of its surface contact were 



available. 

The centre, or tight portion of the belt, having to 
bear the greater pait of the strain, and the other 
parts not relieving it, it will, as a natural conse- 

2 uence, give out proportionately sooner than it would 
o if the strain were equulized. 


Owing to the shape of the animal, the jwirt ot 
the hide over the backbone often presents a serii s ^hi, 

of full or humpy placi s, which are of so hard and 

stubborn a nature that it is very difficult, and often , ... _ 

impossible, to work them perfectly flat m tho whole hide; and, as a consequence, the I 
when made, possesses a rough, uneven surface along its centre, which prevents it laying Hat to 
the pulleys, and produces a corresponding loss of its adhesion or driving power. . , - 

To overcome tho above disadvantages, Alexander Brothers have introduced a method of con- 
structing wide belts which they thus describe . , „ , „ , . , u v „ lltwDr .| 

»* In muking wide belts, cut tho hides along the middle, turn the back edges, B E, outward, 
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and the aid© edge*, S B, inwards, inserting a side centre-piece, S C, so as to break joint width wise, 
as shown in Fig. 281. . _ __ . . .. 

“ In throe-ply bolts the same method is carried out, in the manner shown in Fig. 282 ; but there 
aro various other arrangements of the pieces which can be used advantageously in certain cases. 

“ The edge portions of the belt being of firm, solid, and unyielding leather, and the middle 
portions of leather of looser fibre and more yielding 2R2 

tt xture, it is evident that, after running a short time, 
the middle will give to the higher part of the pulley, 
and the edges will not only bind down, but will also 
afford tliat lateral support which will prevent the 

middle stretching as much as it otherwise would, ** ** ** 

and thus giving an even bearing the whole breadth 

of the belt, and consequently the greatest amount of pulley contact. When the middle of the 
belt becomes stretched, and allows tho edge portions to bed themsolves down to the pulley, the 
working strain will bo dstributed over tho entire width, thus preventing wear on any part alone. 
Cutting down the middle of the hide enables the currier to work out any uneven or full places, 
the surplus being cut away in stiaightening. For belts of 16 to 18 in., or wider, no other plan of 
rooking can approach tho above arrangement for effectiveness and durability.’" 

As examples of the extent to which the manufacture and employment of large belts is carried 
in the Uuited States, we introduce tho following particulars ; — 

At tho Now Jorsey Zinc Company's Works, at Newark, N.J., there is a qnadruplo leather belt 
of unusually large dimensions. It is 102 ft. long, 4 It. wide, and weighs 1220 lbs. The outside 
layer consists of two widths, tho second and fourth layers of three widths, and the third layer of 
four widths, all tho layois being riveted and glued together; and the end joints of the pieces 
forming tho several layers arc lapped, to give the greatest tensional strength to the whole. This 
belt runs on an engine-band wheel 24 ft. in diameter, having a straight face of smooth turned iron 
4 ft. wide, and ovor a driven pulley of 7 ft. diameter, situate on tho line-shaft, the centre of which 
lies 5 ft. above the centre of the engine-shaft. This belt has been in use for upwards of three 
years ; and during that timo it has given no trouble, even when doing its hoavicst work. 

A double belt of oak-tanned leather, 186 ft. 6 in. in length, 60 in. wide, and weighing 2212 lbs., 
was exhibited at tho Philadelphia Centennial Exhibition by Hoyt & Co., of New York. This bolt 
was made for tho Augustine Mill of Jessup & Moore, paper manufacturers, of Wilmington, Del., 
and is believed to bo capablo of transmitting 600 horse-power. 

Another bolt, exhibited by Jewell & Sons, of Haitford, was described by the manufacturers as 
tho hoariest bolt, compared surface for surfaeo, in tho exhibition. This belt was 147 ft. 6 in. in 
length, 36 in. wide, and weighed 1130 lbs , or upwards of 2*57 lbs. a square foot. 

Nearly all the rolling-millB in Pittsburg are driven by belts of 20 in. in breadth and upwards. 

Special Arranifcimnts and Methods of Drivinj by Means of Belts . — When pulleys of very unequal 
diameters aro connected by a belt, tho surfaeo contact with the smaller pulley will bo so small that 
the bolt will require to bo very tightly stretched in order to transmit its full power; and, natuially, 
the closer the pulleys aro together, tho more will this bo tho case. Besides this strain upon the belt, 
there will also bo an extra strain and wour upon tho shafts and pulleys, caused by the increasou 
tightness of tho holt. 

To obviato this strain in the case of their small centrifugal pumps, Gwvnne & Co. have adopted 
tho arrangement shown iu Fig. 2»S3. In these pumps the power is transmitted from the pulley a, 
on the hoise-gear to the riggers b of tho pump, tho relative dinmoters of the two pulleys being 
about six to one, and tho distance between thorn only 4 or 5 in. The belt therefore acts on only a 
very small poition of tho rigger, and’ consequently requires to be very tightly stretched, and so 
oxci ts a very heavy strain upon tho bearings. To relieve this strain, tho fiietion wheel c is placed 
between the pulley a and the rigger b in such a position as to touch both in a line connecting their 
centres This wheel, revolving freely on its fixed axis, receives the whole of the strain exerted by 
tho liolfc. The face of this wheel is recessed in its centre so as to bear on the others at tho edges 
only. 

• To obtain a high spoed from a diiving belt, without the usual arrangement of counter shafts 
and bolt-pulleys between the main driving-shaft and the machine to be driven, and without 
tho disadvantage of passing tho bolt over a small pulloy, a small grooved pulley, p, Fig. 284, is 


283 . 


284 . 




koyed on the shaft to whioh the high velocity is to be communicated, and upon it is placod a loose 
inflexible ring, r, of two or three times the diameter of the pulley, grooved internally to fit it, and 
turned up smoothly on the outside to rooeivo tho driving belt. The belt gives motion to the speed 
ring, the inner grooved surface of whioh oommuuicates a higher speed to the pulley. The speed 
ring is held in effective driving contact simply by tho tension of the belt. For obtaining increased 
lateral steadiness at very high speeds, a double speed ring may be used if required. By these 
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arrangements a belt may be passed over a speed-ring of 16 in. diameter, and yet ooxnmunicate the 
same speed to the sliatt as if it were passed over a pulley of only 4 in. diameter. Enlarging the 
diameter of the speed ring will permit the driving pulley dtobc placed nearer the driven wheel n 
without aitermg its velocity, and will also increase the adhesion and driving power of the belt. 

!.• u . ?* 18 shown a ^ method of obtaining a high rate of speed, by means of a belt and pulleys, 

which is known as Parkers patent belting. In this arrangement the axis of the auxiliary pulley 
B revolves in the ends of the arms E, which are jointed to the arms D at H, the other ends of D 
turning on the shaft of the pulley A. These le\ers, and D, constitute a toggle by means of 
which the belt F F is forced into contact with the driving pulley A. The endless band F F passos 
round tlto pulleys B and 0 ; but instead of passing round the driver A, ns in the ordinary way, it 
is forced against its periphery only, between the points of contact of tho pulley B and 0, by moans 
of the toggle E 1), as described above. The diameter of the pulley A to that of O may bo in tho 
pre portion of 30, 40, or even of 50 to 1 ; but the auxiliary pulley B must be of such a uinmotor os 
will prevent contact of the belt at G. All of these* pulleys must have perfectly straight and smooth 
surfaces. The belt must be made of well-stretched leather, of perfectly even thickness and texture 
throughout; and tho joints must be permanent, and of the same thickness as tho belt. Tho surface 
of C may be covered with leather, in order to increase the adhesion botwt en it and the belt. To 
insure the perfect working of this combination, it is necossary that gnat care should bo exorcised, 
in order that all its parts may bo fitted with absolute exactness. This arrangement has boon 
successfully employed tor driving small circular saws by hand power. 



In Fig. 28G is shown Hitchcock’s “ Traction Goar ” for obtaining rapid motion by means of a 
lx It and pulleys. The advantago claimed for this arrangement by its inventor is, that tho jKnvor is 
so distributed around the shaft to be driven that tho tendency to displace tho shaft on one side is 
count* 1 ! balanced by the pressure on the other. It consists, as shown, of three pulleys so placed 
that the driving pulley A touches the driven pull* y C, the two being toiced into close contact by 
means of the auxiliary pulley B, over which the bolt is tightly drawn irom the pulley A. All of 
these pulleys should be straight on the taco, and have their faces in the same straight line, and 
tlicir axes in the same plane ; the faces of A and II may be covered with lciithc r. It will lx) s< on, 
on looking at the figure, that the bolt and pulleys A and B all tend to promote rot iry motion in 
the pulley C ; and as the relative diameters of tho pulloys A and (J may vary greatly, a rapid 
increase of speed may be produced by this airaugement, while, at the same time, the belt passos 
freely and with full driving force over comparatively large pulleys, the pulley B being made of any 
diameter desired. • . M 

Another arrangement for obtaining a high speed in a shaft directly from the driving pulley, 
without the aid of intermediate counter pulleys, and with reduced lateral strain on tho bearings of 
the driven shaft, is known as Weaver’s belting. This arrangement is shown in Figs. 287 and 288. 
A, B, and C are three shafts parallel to each other. A and C carry straight-faced pulleys, upon 
which run two bolts of equal length and width, which are separated in order to prevent con tact 
while running. The lower fold of the belt D is carried over the shaft B, and the upper fold of belt 
E is carried under B ; and each belt in running imparts motion to tbe driven shaft in the same 
direction, while, at the same time, each counterbalances the lateral pressure of the other. A is the 
driving-shaft and pulley of large diameter ; B the driven shaft ot comparatively small diameter ; 
and C a counter shaft and pulley of any convenient diameter, which is placed in position to carry 
and return the belts, and which is so arrangwl that it may lie moved to or from B, and fastened at 
any distance, by screw adjustment or otherwise, so as to secure the proper tension of the belts. ^ 

In Fig. 289 is shown a simple means of increasing the driving power of a belt, without altering 
the size of the pulleys, which has frequently been applied to the driving gear ot foot-lathes. Au 
auxiliary pulley, B, is fixed to the lathe-bod in such a manner that it may be moved backwards and 
forwards, so as to allow of the band being run in grooves of different diameters on A and C, thus 
altering the speed of C, while that of A remains constant. The position of this auxiliary, or 
tightening, p ulle y should bo such that the bands, or cords, may be kept from coming in contact at 
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their points of crossing. It will be seen, by referring to the figure, that this I 
for its success upon the well-known fact that the power of any belt, or cord, is, with pulleys whose 
diameters are in a certain fixed relation to each other, increased in proportion as the surface of the 
pulley in contact with the belt becomes greater ; and it is evident from an inspection of the figure 
that, by varying the diameter of the pulley B, and by increasing or diminishing its distance from 
the centres of A and 0, a greater or less proportion of the surfaces of these latter pulleys may be 
brought into contact with the band, the length of the latter being, of course, vaiied to suit the 
altered circumstances of the case. 


A system which is much in use for transmitting power by means of hempen cords, or round gut 
belts of small dimensions, is shown in Figs. 290 and 291. It consists of two multigroovdd wheels, 
A and 0, which form the driving and driven wheels of the system, into the grooves of which is 
wound a single endless cord, E, in such a manner that the cora, in leaving the last gioove of A, is 
deflected across and above the other cords, and clolivei ed in a line with the first groove in 0, by 
means of the adjustable single-grooved sheaves B and B'. The bearings of these sheaves are 
secured to rods, and fixed parallel with the coids, in such a manner that they can be easily 
slipped to any desired position to take up the slack of the cord. It is evident that with this 
arrangement the adhesion of the cord, and consequently its driving power, increases in direct pro- 
portion to the number of grooves in the pulleys A and 0. The grooves in these pulleys should bo 
> "2 a 1 ngU Ur ’ 1D P referencc to « circular, section. In Fig. 291 the lowest cord has been accidentally 



nm* a second boh, E, which connrolTthe pulleys A and C rZ hn 7 T *™ : °T bel .‘ 


distant, iu a lino near with WorCt. ^ 7 h 3 «• “ d »Wlo it. 

leather, and have sufficient breadth of face for twnHfo ! ’. u e .' 8 , , Rrc wooden drums covered with 
started, two 12-in. singleZihert)] ts wer^ufnn ^l hl eU “; f W1,en th }* »«angcment was 
way, but never satisfactorily. After many frui n. d - for SOm ? t,me we,e run in that 
belts, one aocidentally mounted the otCr^thc two rnn^ « unifo ™ “tion of th e two 

they diove the line shaft be^ U?an ever before Mn7At‘ en “ f ° rt . h M on ! P e l L . Ia this 
tightness of the two belts, which invariablv nmvmi iw c *psr»nents were tried in the relative 
the inside belt <i was veiy slack, saggfng mv lsTtoHlsHn ™,?^ nVIn § : 8ecured when 

means of the quarter-turn belt are taken tbe rarious arrangements for driving by 

indebted for mWh ™luableTfomaUo n "i C °° P ^ a treatMe on Wtin S- « we havelecn 

and it is desu^^Wveone’from^ie^th’cr'fv two 8 m ll With 0 *, ber ' and not in same plane, 
has proved that certain conditions are necessary eI P erieilee 

faces of the pulleys must not be loss than fm.* , distance oetween the near 

B should be re placed Zt the telt wi l lLdTnmT^ t° * of * h l be,t - T1 “» P»Meys A and 
other-that is, so that a plane nassinir thiShS the lace of one to the centre of the face of the 
to that part of the face o? Zo^Zm wbfcVihe WH S of one pulley will be tangent 
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“ In Fig- 294 are shown the position and proper proportions referred to •— 

, “ThepnUeyA, from which the belt deflects, should hare a wider face than B, in the oronoriion 
of 10 to 6, and should be more rounding on the face than is usual ; and the pulleys shouldbe as 
small os may be to do the work, and should be of nearly equal size V * buouiu De as 

About 2 . 5 .P« r cent - °? belt oonfeict is lost when the belt makes a quarter turn, even when the 
pulieys are of tire same size We have noticed in the performance of a leather b l7 that Zflret 

XE l^Fthalf Z wf/th “JW* n ■“ <- 10 °'i J V' ary straisht teU “"“"gement ; but in the s^co”d 
90 , about half the width of the belt is forced from contact with the pulley by the strain in the 

“P-«* rrt-liy 



•• witli a belt periectiy elastic, the same amount of contact, if not more, can bo obtained uh with 
• an open belt, since the belt would adhere to the face of llie pulley up to the line of departure the 
same in one case as in the other” 

In Figs. 295 and 296 is an arrangement of the quarter-twist bilt, applied to driving mill- 
stones or upiight shafts, in which the l>clt runs on three pulleys. “ A is the driving pulley on a 
horizontal shaft; B the driven pulley on a mill-spindle or upright shaft; C the tightener or guide 
pulley, which is placed at the proper angle for receiving the belt fiom B and deliveiing it to A. It 
has a short shaft, running in bearings secured to a frame which slides vertically in fixed giooves, 
and may be raised to tighten the belt for driving, or lowered to slacken the belt for stopping, B, at 
pleasure. B is made wide and straight on the face to admit of mol ion in raising and lowering the 
stones, as well as to allow of lead of belt by the different positions of 0, which aro duo to length 
and tightness of b< It. A and 0 should bo rounding on their faces. The figures show the projier 
positions of the pulleys and shafts, and also give good working proportions, the particulars having 
been obtained from machinery in use ; but the motion of the belt, as shown, should bo reversed. 

“ This arrangement of quarter-twiHt belt, with intermediate guide pulley, will i>ermit of very 
short distance between the driving and driven shafts. A case in practice may bo cited, in whiofi 
the driving pulley is 40 in., the diiven pulley 18 in., and the guide pulley 16 in. in diameter. All 
of them are 8-in. face ; and the shafts arc 4 ft. 7 in. from centre to centre, vertically. This distance 
might be even less without injury to the belt. In tho erection of this arrangement it was found 
necessary to set the face of tho driven pulley 1 in. back of the centre of the face of the driving 
pulley, and to give the axis of tho guide pulley an inclination of 90° to the horizontal line. 

“ For shafts at right angles but not in the same plane, the lielt running on four pulleys. Let E, 
Figs. 297 and 298, be the driving shaft with tight pulley A, and loose pulley B, and F th a driven shaft, 
with tight pulley I), and loose pulley O ; all the pulleys of samo size, and with rounded faces m the 
usual way. Let the pulleys be arranged in a square on the plan, whose side is the diameter of 
pulleys at centre of face, and let an endless belt be put on, as shown, and run in the direction of the 

- q and B run in opposite directions from that of the 

1 of tho belt, they are relieved of heavy 
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strain on the shafts. -This is a good plan for wide belts when the shafts are a proper distance apart, 
say ten times the breadth of the belt, and BolveB the sometimes difficult problem of carrying con- 
siderable power around a corner by a belt There is no loss of contact of the belt on any of the 
pulleys of this system, and no lateral straining and tearing of the fibres of the belt as in the usual 
quarter-twist arrangement, in which only two pulleys are used. The lower shaft may drive the 
upper one, as well, by changing the direction or motion, or changing the relative positions of the 
tight and loose pulleys. 

“ In Figs. 299 and 300, A is the driving pulley on a horizontal main line shaft ; B the driven 
pulley on a mill-spindle or upright shaft : C, a tightener on a shaft parallel to the main shaft, with 



bearings in a frame, which, with tho pulley can be raised or lowered when required to start or stop 
the pulley 13 ; D, a guide pulley on a vorticlo shuft runnimr in fixed bearings. The course of the 
bolt is indicated by tho arrows. This plan may be resorted to when the pulley A cannot bo placed 
on the main shaft in a position to receive the belt directly from B,as in the case shown in Figs. 295 
and 290. 

“Figs. 301 and 302 303. 

show the usual method of 
transmitting power to 
shafts which are at or 
near right angles with 
tho driver, and Figs. 803 
and 801 show an exten- 
sion of this method to 
driving two such shafts 
from one. Let A be the 
driving pulley on the 
main shaft, FH; D and 
E driven pulleys on the 
counters, at right angles 
to the main, Place two 
upright shafts, each with 
a loose pulley, so that its 
face will be opposite tho 
middle of the race of A, 
ono to the right and one 
to the left ; over these pass 
a belt as shown in tho 
cuts. Tho belt will run 
either way in both. In 
Figs. 303 and 804 it will 
bo observedthat the driv- 
ing face of tho belt is 
changed between the two 
pulleyB, D and E, which 
may be avoided by giving 
the belt a half twist in this part, which we think, however, would injure the belt more than by 
using both sides of the same. Collars O and O aro placed over the pulleys B and C, and we have 
added tho stationary fianges J and J to the uprights under the pulleys introduced by Wm. Sellers & 
Co., Philadelphia. This device, whether applied to vertical or horizontal pulleys, is in every way 
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superior to flanges fast to pulleys which tend to lift the edges of the belts and turn them over. On 
the other hand, when the belts strike stationary flanges, thoy are thrown back on the pulley fact's 
again, except, perhaps, in the case of soft, flabby belts, which aro liable to curl at the edges and 

*° Wi wiiat cannot be done with tho preceding methods of arranging the quarter-twist bolt may ho 
done by the guide pulley devices shown in Figs. 305 and 300, m which the vertical cylindrical shift* 
A is secured by a flange J, and a brace G to an overhead timber A, or other fixture. Upon this 



307. 


30H. 


st iff are placed two hubs F, held by sot screws in any position, nml < neb fanned ail ha 
to which uflanged bracket b .s bolted. The n,.,,er Ik, I t D m utili/ed as an >,mt » m - ; 

bracket can turn, ami Iho lower bolt K, in a slot, permits the turning, and bolds tb. l.ia. k 
inclination required by the belt, in the centre of end, flange 0 ,s Hi -ure, l a pi n. I, . > > s M 

the pulleys 1$ turn. The facility with which these pulbys may have thur vs n il , I t, 
accommodate tho anglo of a bdt parang fioin a smaller to a bug, r pull,}, 

m^e8, W one n ttboyo V tbe^o < tlior, "Use vi^ig W j>u ^ el >< >e^l ^of ' h ucco&al u 1 1 y * V,y *1 1 , u* uriT-' o t 

directions, and all of them lying close to one another, was disposed of succosslulJy l>y me us, 

mechanism exactly like that in Figs. 305 and 
80fl, and this, with that shown in Figs 301 and 
302, aie methods employed at the Peoples 
Works, Philadelphia, tor belt driving aiouud 
corners, and in confined places. 

“Two shafts at any angle with each oth< r may 
be effectively driven by two belts, i aeli having 
less than a one-eighth twist, and each running on 
two pulleys, by placing a counter shaft above or 
below and across the main lines at or near equal 
angles to the main line shafts.” 

Holes for Qmrter-turn Jlelt.— U Draw on a lcvc 1 
floor, with chalk-line and tram, two lull-size 
views of the pulleys and position of tlie floor 
through which belts are to pass; or lay them 
down on paper to a convenient scale, observing 
that that fold of the belt which leaves the face ot 
one pulley must approach the centre of tho lace 
of the other in a lino at right angles to the axis 
of the Utter. Completing the figures as shovm 
in Figs. 307 and 308, the points of intersection a, 

6, c and d, will indicate the places in the ^ floor 
E F where the centres of both folds of the belt 
will pass when drawn tightly and at ^ 'Xhe 
4.v,« .mcninnr be best obtained tn 
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Band Zinks. — Where tension alone and not thrust is to act along a link, it may be flexible, and 
may consist either of a single band or of an endless band passing round a pair of Pulleys which 
turn round axes traversing and moving with the connected points. For example, in Fig. 309, A is 
the axis of a rotating shaft, B that of a crank pin, 0 the other connected point, and B C the line of 
connection ; and the connection is effected by means of an endless band passing round a pulley 
which is centered upon 0, and round the crank-pin itself, which acts as another pulley. The pulleys 
are, of course, secondary pieces, and the motion of each of them belongs to the subject of aggregate 
combinations, being compounded of the motion which they have along with the line of connection 
B C, and of their respective rotations relatively to that line as their lino of centres ; but the motion 
of the points b and o is the same as if 6 c were a rigid link, provided that forces act which keep the 
band always in a state of tension. This combination is used in order to lessen the friction, as com- 
pared with that which takes place between a rigid link and a pair of pins ; and the band employed 
is often of leather, because of its flexibility. 

310 




T 


In Fig. 310 is shown a substitute for the arrangement given in Fig. 309 ; in this an eccentric 
takes the placo of the crank, thus allowing a stiaight shaft to be used. When the eccentricity 
equals the radius of the ciank, the rosult is the samo, but experiment has prove d, m the case 
of the eccentric used in the tieadle arrangement of the latter, that the motion lacks freedom, the 
troadlo mo\ing heavily. 

Belt for Coolmq Shaft- Journal *. — An ingenious and simple method of cooling a journal consists 
in placing an endless belt of loose, water-absorbing texture on the shaft, as near tho heated part as 
may be, and allowing the lower bight to iuu m cold water, which may be held in a vessel at a con- 
venient distance below the shaft. Continuous contact of the liquid band carries away the heat of 
friction as it is produced, without spilling or splattering of water on and about the machinery, and 
without contact of the lubricant in tho journal boxes This method has been voiy successfully 
applied to the shafts of the rolls of calico printing presses. 

Varieties of Belt mg. — Edqe-laid Belts . — In Fig. 311 is shown a method of constructing, oi building 
up, a broad, thick belt, which is said to give much better results than wide, thick belting mado in 
the ordinary way by sewing two or more thick- 
nesses together ; as it gives a perfectly equal and 1 1 

©veu texture throughout, and the belt is also 
alike on both sides. In making this variety of 



belting, the hide is cut up into strips of the same 
width as the inti ndod thiokness of tho belt ; and 
along the centre of these strips, holes about 
J iu in diameter and 1 in. apart are punched. 

Through these holi s wire nails are passed m 
the mannor shown in the figure, their length 
being rather greater than half the width of tho 
belt. After all the strips havo been built upon 
the nails, the ends of the latter are turned down 
and driven into the leather , thus making a firm 
strap without any kind of oement or splicing. 

When it is required, for any reason, to shorten 
a strap of this kind, it is only necessary to take 
it apart at the step line DD of the Bplice, and after having cut off from each step at one end of the 
strap the length desired, to loin up again with wire nails ; which at this part of the strap should 
be sufficiently long to pass through the whole width. 

Bound Belts. — Bound belts cut off less light, occupy less room, make smaller holes iu the floors, 
and require lighter driving pulleys to carry them, ana thus save power. In running round belts of 
cat-gut or hemp the grooves iu pulleys should be made with a triangular, or y section, so that the 
belt touches the pulley in two lines only, tangential to the sides of the groove ; in this case the 


a Birap ox inis mna, u is oniy necessary w mko 
it apart at the step line DD of the Bplice, and after having 
strap the length desired, to ioin up again with wire nails ; 
be sufficiently long to pass through the whole width. 


t triangle 
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i r0U t ad or . co ^ 8 we made by scarfing tho edges of a broad bolt, and then roniug it ui> 

lengthwise, not spirally, but m a horizontal fold, so ns to form a perfoctly round tube, with a Tory 
small oentral bore; the edges being of course united in a permanent manner. From a number 
of experiments made with this belting it was proved that the J-in. round belt is more thui equal 
to a 1-in. flat ; and the Jin round more than equal to a 3-iu. flat. The economy of space and 
materials, and the diminished faction in shafts and journals, which may thus be obtained by the uso 
of round belts, are points of great importance to tho manufacturer. J 



In Figs. 313 and 314 is shown a combined fast and loose pulley for round bolts, invented by John 
Shinn, of Philadelphia. The round bolt f fits in a groove formed between two hall-pulleys, of 
which A' is fixod and A slides upon a fixed key on the shaft B; between A' and A, and running 
loosely on the shaft, is a flat-faced pulley C ; when A is separated from A' a short distance, the belt 
f will cease to turn them, and will ran on and turn C insteid The belt duves the shaft B only 
when pinched between the half grooves of A' and A. Tho lover D, when tinned in the direction 
indicated by the arrow, withdraws the half sheave A, and permits the belt to run on tho loose 
pulley. Simple and efficient means for holding the parts together, and drawing one half from the 
other, # aro shown in the figures. 

Hoyt <$* Co*s Angular Belting . — This consists of a holt of a trapezoidal form, to lx* used in con- 
nection with a V‘ fl baped or angulnr-giooved pulley. The angular licit has a greater surface brought 
into contact with the pulley than with any other kind. It will wedge itself into the groove and 
resist any slipping action during tin* rotation of the pulley, so that tho more strain put on one 



side of the belt tho tighter will it bo held in the groove ; not 
being liable to slip on the pulley, it may he used viry loose, 
causing less friction, and giving it certainty and regularity of 
motion. These belts have been used with success when other 
bands have failed entirely to impart motion to machinery. 
They are made without a joint in their length; and when 
the width requires more than one thickness of leather tho 
belt is connected, then riveted or screwed, so that tho fasten- 
ing will not come in contact with the pulley. 

(JnderwoodC s Angular Belting , Figs. 315 and 31 T, consists 
of a number of narrow leather bands, laid a- top of one 
another, lapping and breaking the joints, in order to secure 
the greatest oombined strength. To the under side of this 
compound band are fastened short piles of leather, of equal 
length, forming blocks, each being secured to the band by two 
iron rivets, as shown in tho figures, TV, ° fnM1 ’ hands J are 



^ Tho four bands J are 

continuous! ttrelive" pieces K and shorter pieces I, inter- , . , . . 

posing, are held together by the rivets F ; all are shaped to the angle CDE, which is the correct 
ang£ of groove fa? the wh^ls. The length of the blocks K is made as short as co^trudhou will 
permit, inorder to increase the surface ol contact while bending m the grome of the wheel* the 
pieces I are made shorter to give more flexibility to tho band, for which also the blocks are 
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separated by a narrow space. The elasticity of the leather is sufficient to allow of the necessary 
bending of the four united bands without injury to the fibre, as it is not intended to use this belt 
over pulleys of small diameter. The four bands J thus constituting the * wrapping connector * and 
tensional strength of this system, while the blocks K form the frictional wedges, bo to speak, and the 
sloping edges of all in the angle of the groove contribute to the great adhesive power possessed by 
this driving belt. The ends of this belt are joined by bevelling the opposite faces of the part J 
for 18 in. or 20 in. of its length, and then uniting the whole by bolts having washers and nuts at F, 
and with heads inside, similar in size and position to the rivets ; or the separate strands may bo 
joined, the top one say at O, the next one at P, and in no case having more than one joint between 
any pair of rivets. 20 in. of this belt, 21 in. wide, weighs 2 lbs. ; 21 in. of the 3-in. belt weighs 
8 lbs. The width being measured across M N. 

The driving capacity of this kind of belt is evidenced by those used in the N. H. 
and N. T. Kail road shops at New Haven, Conn., where a 22-in. double leather belt, weighing 
2} lbs. a square foot, running on pulleys of 6 ft. and 4 ft. diameter, and 16£ ft. distant 
between centres of pulleys, with a quarter twist, and slipping under a load of 75 to 80 horse-power, 
with noiso that could be hoard 1\ miles away, was leplaced by two 2$ in. angular belts, on 
V-groovod wheels of the same diamoteis. After sixteen months of running, one of the angle belts 
was removed J this, of course, put all the work on the remaining one, and this one carried the whole 
load with apparent ease. Afterwards one-third more work was done by this belt without slipping, 
visible straining, or injury. 

Rubber Bi Its . — Rubber belts should possess a smooth, polished face; and, as a rule, the brighter 
the polish of the face oi these belts the better will bo their working condition. Befoio starting a 
rubbor belt the dust should be brushed off its face, and if it begin to polish there will not be any 
trouble with it. In sugar refineries, and in all places where they are subject to the combined 
influence of boat and moisture, rubber belts are said to answer much better than those made 
of leather ; and also when used as elevators. Generally, however, under the same circumstancos, 
and on the same machinos, these bands will not last or woar as long as leather ; for, when once they 
begin to give out, it is next to impossible to repair them. Leather belts, on the other hand, are 
easily repaired, and when of no further value us bolts they can be sold for other purposes Wide 
belts cannot be out up into narrow ones, as leather can bo. Neither can they bo used for cross or half- 
cross belts, for shifting belts, cone-pulleys, or for any place where belts are liablo to slip, as trietiou 
soon destroys them; a few moments of quick motion or fiiction often causing the gum to roll off tho 
cauvas in such quantities as to completely spoil the band. Duiing freezing weather, if moisture find 
its way into the scams, or between tho different layers of canvas composing these bands, and become 
frozen, tlie layers will be torn apart and the band sailed ; or if a pulley become frosty the parts of 
tho hand in contact with it will be torn off from the canvas and leit on the pulley. 

The following is a description of tho imliarubber belting manufactured by the New York Belting 
Company, at Nowtown, Conn. ; — This bolting is made of heavy cotton duck, of a uniform and non- 
elastio character, woven specially for the purpose, with the warp much stiongcr than the filling ; it 
weighs 2 lbs. per yard, and is cut by machinery into Htrips of a perfectly regular width. Single 
stiips of this duck will Dear a tensilo strain of 200 lbs. per inch of width. This belting is vulcanized 
betwoon layers of a metallic alloy ; by which process the stretch is entirely taken out, tho surface 
made perfectly smooth, and tho substance thoioughly and eveidy vulcanized. It is manufactured 
by a process by which unusual firmness und solidity are obtained, thereby obviating some objections 
heretofore urged against indmrubbor belting mndo in the old way. It has a smooth and even sur- 
face. It soldom requires tightening more than once. It will always inn straight; will stand heat 
of 300° Fahr. without being affected, and the severest cold will not stiffen it or diminish its plia- 
bility; is much stronger than leather, and more durable. It can constantly be run m wet places or 
oxposod to the weather without injury. A 5-ply lubber belt, 12 in. wide, as now matiufactuied, is 
considered equal to a double leather belt of the same width. 

Tho comparative adhesion of vulcanized gum and leather belts to tho surfaces of pulleys is a 
question of great iuterost to manufacturers ; and in order to satisfactorily decide the point, a series 
of experiments wore made by J. II. Ohcever, the results of which are here given; — 

“The apparatus consisted of three equal Hize iron pulltys, with faces turned in tho usual way 
and secured to a horizontal shaft also fixed. One of these pulleys was used without covering, one 
was oovered with leather, and one with vulcanized gum. In the first set of experiments a leather 
belt was used of good quality, 3 in. wide and 7 it. long, with 32 lbs. weight attached to each 
end, and the belt thus piepared was laid on the iron face pulley. Additional weights were then 
attached to one end of tho belt until it began to slip, which was in this case found to bo 48 lbs. 
When this weighted bolt was placed on the leather-covered pulley it required a weight of 64 lbs. to 
slip it; and when on the gum-covered pulley it required 128 lbs. to Blip it. In the second set 
of exjierimonts, a 3-ply vulcanized-gum belt ol tho same width, length, and thickness was used, and 
to each end was attached tho same weight as in the other case. To cause this belt to slip on the 
iron-face pulley requirod 90 lbs. additional weight ; on the leathertd-covercd pulley, 128 lbs. ; and 
on the vulcanized-gum oovered pulley, 183 lbs. Iu the third set of experiments, the shaft with all 
the pulleys secured thereto was permitted to turn freely in its bearings. One end of the belt was 
fastened to the framework of the apparatus, and to the other end was attached a weight of 32 lbs. 
as before. A rope was wound several times around one of the pulleys, with one end «made fast to 
the rim, and the other allowed to hang freely downwards; to this end weights were attached 
sufficient to produoe rotation of the shaft The results were the same, requiring in effect the same 
amount of weight on the end of the rope to rotate the pulleys under the belt as it did on one end of 
the belt to slip the belt over the pulleys. 

“ Rubber belts should be cut throe-sixteenths of an inch short for every foot of length required. 
After running, say, for three weeks, take up the slack and they will never again require shortening! 
To fasten the ends of narrow belts, make two holes in each, put the ends together, and unite 
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by strips of lacing leather in the way usual with leather belts. To secure the ends of wide bolts, 
lap the joint evenly on the outsido with a piece of square gum or leather, oqual in width to 
the belt, and rivet, sew, or lace the same firmly to each end of the l>olt. If belts should slip, from 
dust or other causes, they should be slightly moistened on the pulley side with boiled linseed oil, 
making several applications if necessary. Animal oils must never be used, and belts should bo pro- 
tected, while running, from contact with such oils. Should the rubber, from long uso or other 
cause, be worn from the surface of the belt, givo it a coat or two of had paint, containing sufficient 
japan to dry quickly. For belts which are shifted, put rolls on the shiftor bars with axes inclined 
towards each other at top and bottom, according to circumstances, which has the effect to press the 
faces of the belts, and relieve the edges from wear. By this plan belts are more easily shifted than 
by the usual method, and the liability to injure the edges entiroly prevented. Uso large-headed 
bolts or rivets for securing elevator buckets.’' 

In rubber belts laced, as shown in Fig 257, the tearing of the holes Ittgan at one-third of tho 
breaking strain. After being subjoct to a strain of one-fourth, for twenty-four hours, they tore on 
a slight addition being made to tho weight. Under a Btrain of one-eighth they showod no signs of 
fracture at the end of a week. Eyeletting tho holes brought tho standing point up to that of leather 
'belting, tho clinching of the metal on the cotton fibre, or filling, reducing the tendency to tear. 

Belting of Intestines. — In America a variety of belting is made from tho entrails of sheep, which 
average some 55 feet in length. They are thoroughly cleaned, and subjected for some days 
to the action of brine, and are then wound upon Iwbbins, after which the process is tho same 
as making common rope. If a flat belt is required a loom is employed, and tho strands are woven 
together. A -J-inch rope thus made will stand a strain of 7 tons, and is guaranteed to last ton 
years ; the best hemp rope of same thickness has a life of about throe yours. 

Paper Belting. — The following is a description of Crnne’H Paper Belting ; — 

“ The bolts are manufactured from pure linen stock, and can bo made of any desired thickness, 
width, and length, but are recommended only for straight and un->hifted bolts, none being made 
less than 5 inches wide. They will not strotcli nor change shapo, and being made all in one piece, 
of oven thickness, will run smoothly and straight. They adhere to tho pulleys very closely, and 
generate no electricity while running. They are quite flexible, and do not crack in passing over 
pulleys ovon as small as 6 inches in diameter. They are not affected by heat at ordinary tempera- 
tures, nor by dust or oil, but will not run in water ; being very tough, they answer for elevator 
belts, holding the bolts well and running in a direct lino without swinging from side to ndo. 
Compounds similar to those used for stuffing loathor belt*, or black lead mixed with spirm oil, 
are very good to apply to those belts when dry and slipping. . , . , 

“ In lacing narrow paper belts butt tho two ends together, and make two lows of holes in each 
end, as shown in Fig. 817, thus obtaining a doullo hold, and laeo 
with lacing leather. For wide bolts, whore' extra strength is re- 
quired, rivet pieces equal in length to width of belt on back of 
each end, and make the connection with lacing as Indore. This 
belting should, in all cases, be put on by the use of clamps, 
secured firmly to each end of the bolt, and drawn t jgether by 
bolts running parallel with and outsido tho edge of the belt, 
making no allowance for stretch. Wide belts, iti dry places, 
can best be connected with Wilson’s bolt hooks, riveting down 
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the teeth, thus making a connection that will not wear out. . . 

Steel Belts.— Tho employment of steel bells 1ms been recommended as an xpum t worth 
trying; and the fact that, in the case of a hand saw, the power is trammiittid by 'rut on mi ho 
lower pulley, as high as 15 horse-power being m mine oases ojloet.voly tl 1 ’ 


lower pulley, as in gn as 10 norse-powur uuiu^ jo . ... r. r » w 

is a proof of tho entire adaptability of steel to belting, purposes. 1 ho teimdo stn ng h o low ntul is 
such, that it is calculated that a bolt of this material, 1 ft. wide and wr j . ordinary 

safe working strain, tho same in proportion to actual strength as that which 1 certainly 

irnij... 4 rmn 1 * a,; for oa obi I tv to hoar tension is concomcd this is certain ly 


safe working strain, the same in 
belts, transmit 900 horse-power. 


So far as ability to boar tension is concomci 


e “°Cott^“B e «i^This is made of tho host cotton folded and sewn after 

with a composition, to prevent the action ot tho atmosphere affeoting tli V., j „ 

as Fig. 317, is most suitable for cotton belting. Oil paint applied to tho pulley wlnlo running 

■“aifaw w» «... - 

results ; as an example we quote the following, by John Spiers, oi " ,r “ 8 ■ u ji v on jt . tli is 

“A lathe used for turning rolling-miU rolls compound geared, has » "[*' “^.“uto and 
is driven by an 18-in. pulley on the couiiter-slmft. w iich niakes^ 0 r ^ with bm(Jol i, turned 
is 8 ft. from the 48-in. pulley, centre to ceutro. Botli pull, y a ^ wll(jn ,i 10 turning tool 
faces. A 7-in. double leather bolt was used on theso pall lj«. w „ “i, t ! Bftmo aH used for stove- 

becamo dull. This belt was replaced by one made of )j u88 “|.. WIH 7 ; n , vvidc, and was 

aswjrwirSuS &r: -"is™ ■ ^ jf.... ... -*-■<»« «• * 

Treatise on Mill Glaring,' crown 8vo, 1877. Cooper (T.),‘ Treatise on tl.o Use => 

BLASTING. , , , • /vmwiftt in boring suitable holes 

The operations involved in blasting are ^y simp . y. compound into the farther 

in the rook to be dislodged, m inserting a quantity of P suitable material, and in 

end of the* holes, in filling up the remaining portion of tho boles 8Ulwl K 
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exploding the charge. These operations are known respectively as boring, charging, tamping, 
and firing. 

# Before, however, the mode of conducting these operations can be understood from description, 
it is necessary to have an accurate and a complete knowlodgo of the nature, form, and construction 
of the tools, machines, and other appliances used. For though these are all of an exceedingly 
simplo character, they possess features requiring attention. Machiuo rock-drills will be considered 
in another article. In the present, attention will be confined to the best methods of applying those 
drills. 

Of the tools used in rock boring, the drill, or borer, is the chief. The form Bhown in Fig. 318 
is thut of the common jumper. It consists of a wrought-iron rod terminating at each end in 
a steeled chisel edge, ana having a swell, technically described as the bead, between the extremities 
to give weight to the tool. Tho bead divides tho jumper into two unequal 
portions, each of which constitutes a chisel bit, with its shank or stock. The 318. 3ie. 320. 
shorter stock is used while tho hole is shallow, and tho longer one to continue 
it to a greater depth. With the jumper, tho blow is obtained from tho direct 
impact of the falling tool. Tho mode of using the instrument iH to lift it 
with both hands to a height of about a foot, and the n to let it drop. In 
lifting the jumper cate is takin to turn it partially round that tho cutting 
odgo may not fall twice in the some place. By this naans tho edge is made 
to operate most favourably in chipping away tho lock, and the hole is kept 
fairly eirculur. 

Bo long as tho holes are required to bo bored vertically downwards, tho 
jumper is a convenient and voiy efficient tool ; and hence in open quatrying 
operations it is very commonly employed. In the Welsh side quarries it is 
in general use. But in mining tho shot holes are more often required to bo 
borod iu some other direction, or, as it is t< rmed, at an angle ; that is, at an 
anglo with tho vortical. Or it may happen that a shot-bole is roquiied to 
bo borod vertically upward. It is nppnrent that in any one of these direc- 
tions tho jumper is useless. To meet the rc quiromonts of such canes, recourse 
is had to tho hammer whoiewith to deliver the blow, and tho drill is con- 
structed to bo used with tho hammer. A suitable form of tool for application 
in this manner is obtained by cutting out tho Iwulof the jumper, and leaving 
the ends flat for a striking face, as shown in Figs. 3 lit, 320. The form of 
the two chisels thus obtained is that adopted for the ordinal y rock drill. 

It will bo understood from the foregoing desciiplion that a rock drill con- 
sists of tho chisel edge or bit, tho stock, and the sti iking face. Formerly 
drills wore made, as jumpeis are still, of wi ought iron, and steeled at each 
end to form the bit and tho stiiking face. Now they are commonly made of 
cast steel throughout. The advantages afforded by steel stocks are nume- 
rous. The superior solidity of that material renders it capable of trans- 
mitting the force of a blow more effectually than iron. Being stronger 
than the latter material, a smaller diame ter of stock, and, consequently, 
a less weight, are suflicient This circumstance tends to give greater effict 
to tho blow by diminishing the mass through which it is transmitted. On 
tho othor band, a steel stock is more easily biokcn than one of iron. 

Usually tho stock is octagonal in section ; in length it vuru s from 20 in. 
to 42 in. The shorter tho stock tho more effectively does it transmit the force of the blow ; 
therefore it is made as short ns jiossible. For this reason, Rcverul lengths aio employed in 
boring a shot-bole, tho shortest bt ing used at tho commencement of the bole, a longer one to continue 
the depth, and a still longer one, somotimos, to com- 
plete it. To ensure tho free working of the longer 
drills, tho width of the bit is slightly reduced in each 
length. Also to enable tho tool to free itself readily 
in tho boro-hole, and to avoid introducing unnecessary 
wi ight into the stock, tho bit is made wider than tho 
latter. The diffeienco in width varies from | in. in 
drills to bo used in hard rock, to 1 in, in those to be 
used in coal. It is evident that the liability to frac- 
ture increases with the difference in width. The odgo 
mny bo straight 01 slightly curved. The straight 
edge outs its way somewhnt more freely than tho 
curved ; but it is wcakor than the latter at the comers, a circumstance that renders it less suitable 
for very hard rock. Figs. 321 to 323 show tho straight and tho curved bits, and the angles of the 
cutting edges. The following proportions are the average adopted for the width of the bit ; — 


Width of tho Bit. 

Diameter of the Stock. 

Width of the Bit. 

Diamc ter of the Stock. 

1 inch. 

| inch. 

1$ inch. 

inch. 

n „ 


2 inches. 

If >» 

n „ 

l » 

2 * „ 

H »» 

n » 

1 „ 

2 ± 1 

1 

*1 >♦ 


The striking faoo of the drill should bo flat. The diameter of the face is lees than that of the 
stook in all but the smallest sizes, tho difference being made by drawing in the striking end. The 
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amount of reduction is greater for the largest diameters ; that of tho striking face being rarely more 
than seven-eighthB of an inch. 

The tempering of drills is a matter requiring careful attention. Upon this the satisfactory 
progress of tho work of excavation often largely depends. Tim degree of temper is to be determined 
by the quality of the steel, and by tho character of the work to be perform* d. Tho larger tho pro- 
portion of carbon present in the metal the lower must be the temper. Tho state of the blunted odgos, 
whether battered or fractured, will indicate wlmt degree of hardness it is desimblo to produce. 
Tho selection of the proper colour is a subject for tho exercise of judgment on the part of the smith. 
Straw colour is generally the most suitablo when the boring is in very hard rock, and a light-bluo 
when the rock is only of moderate hardness. 

Drills, as wo have already said, are used in sets of different lengths. Tho sets may bo intended 
for use by one man, or by two. In the former case tin y arc described as singlo-hand sets, and they 
contain a hammer for striking tho drills ; in the latter case, tho sets aroBpoken of as double-handed, 
and they contain a sledge instead of a hammer for striking. 

Tho distinction between a hammer and a sledge is founded upon dimensions only : tho hammer, 
being intended for use in one hand, is made comparatively light, and is furnished with a short 
handle, while the sledge, boing intended for uso in both hands, is furnished with a much longer 
handle, and is made In avier. The striking face of a blinding hammer, or sledge, is mode Hat, to 
enable the striker to deliver a direct blow with 
certainty upon the head of the drill ; and to 
facilitate the directing of the blow, as well as 
to increase its etfeot, the mass of metal of which 
the head is composed is concentrated within 
a short length. It is well to chamfer or 
bevel down the edges of the striking faco to 
cause the sledge to fly off from the head of 
the drill in tho case of a false blow lining 
struck, and thereby to prevent it from descend- 
ing upon the hand of the man wl.o holds tho 
drill. The head of a sledge is of iron ; it con- 
sists of a pierced central portion called tho 
eye, and two sliunks or stumps, the sti eled t nds 
of which form the striking faces or panes. 

The form of the head varies in dillerent locali- 
ties. A very common one is shown in Figs. 1121, 

325, and is known as tho bully pattern. By 
increasing tho width at the eye, we obtain tho 
broad bully, the former lining called, for the 
sake of distinction, tho narrow bully. Another 
common fonn is the pointing pattern, shown in 
Figs. 326, 327. The weight of a sledge head 
may vary from 5 lb. to 10 lb. ; a common and 
convenient wt ight is 7 lb. The length of the 
handle or helve varies from 20 in. to 30 in. ,* a 
common length is 24 in. The average weight 
of hammer heads is about 3 lb., and tho 
average length of the helve 10 in. 

Other tools besides tho drill and the hammer 
aro needed in preparing the hole for the charge 
of explosive. When the lion-hole is inclined 

downwards, the roek de'bris or bore-meal made by the dull loiiiams in the bottom 
of the hole, where it is convert* d into mud or sludge by tho water their present. 

This sludge has to he removed as the woik progresses to keep the rock exposed 
to tho action of the drill. For this purpose a simple fool, called a semper, is 
used. It consists of a rod of iron from \ in. to \ in. in diameter, and of sulHoient 
length to icach to tho bottom of the bore-hole. One end of the rod is flattened 
out on the anvil, made circular in form, and then turned up n right angle to the 
stem. The disc thus formed must bo less iu diameter than tho bore-hole, to allow 
it to pass easily down. When inserted in the hole, the scraper is turned round whili 
is being pressed 
disc. The operation. 

end of the scraper is uiwu mauu w ,wuuim.u « - — n — ■■■■■■■ . , , 

328, 329. Instead of tho ring, however, at one end, a disc may he made at each end, the discs hi 
this case being of different diameters to render the scraper suitable for use m different size bore- 
holes. Sometimes the scraper is made to tormin.ite in a spiral hook or drag-twist, as it is called. 
The uso of the drag is to thoroughly cleanse the hole before inserting the charge. A wisp of hay is 
pushed down the hole, and the drag end of the scraper is introduced after it, and turned round till 
it has become firmly entangled. The withdrawal of the hay by means of the drag wipes the bore- 
hole clear. Instead of the drag, tho loop is frequeutly employed. This is a loop or eye through 
which a piece of rag or tow is passed. The rag or tow is used for the same purpose as the hay, 
namely, to thoroughly cleanse and dry the bore-hole previously to the insertion of the charge. 

When the boro hole has received its charge of explosive, and the fuse has been laid to the latter, 
it has to be tamped, that is, the portion above the charge has to be filled up with some suitablo 
substance. For this purpose a tamping iron, rammer, or stemmer, as the instrument is variously 
called, is required. This instrument is shown in Figs. 330, 831 . It consists of metal bar^the tamping 
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end of which is grooved lo receive the fuse lying against the side of the bore-hole. The other end 
is flat, to afford a pressing surface for the hand, or a striking face for the hammer when the latter is 
needed. To prevent the danger of accidental ignition from sparks caused by the friction of the metal 
against silicious substances, the use of iron stemmers is prohibited by law. They are usually made 
of copper, or of phosphor-bronze, the latter substance being more resisting than the former. 

Another tool, which should, however, be considered as an extra or auxiliary instrument, rather 
than as an essential part of a blasting set, is the claying iron or bull. Its use is to force clay into 
the interstices in the bore hole for the purpose of shutting back the water in very wet ground. It 
consists of a round bar of iron, called the stock or shaft, a little less in diameter than the bore-hole, 
and a thicker portion, called the head or pole, terminating in a striking face. The lower end of tho 
shaft is pointed to enable it to penetrate the clay, and the hood is pierced by a hole about 1 in. in 
diameter. Clay in a plastic state having been put into the bore-hole, the bull is inseited and driven 
down by blows wilh a sledge. As the shaft foices its way down, the clay is driven into the joints 
and crevices of the rock on all sides. To withdraw the bull, a bar of iron is put through the eye, 
and used os a lever to turn it round to loosen it ; the rod is then tukeu in both hands, and the bull 
lifted out. A slight taper is given to the shaft to allow it to be oxtraet* d more easily. 

It is desirablo to describe here the diills or borer-bits used with machines, since they can hardly 
bo treated of in an article devoted to the consideration of the latter, and tlieii form and dimensions 
are matters of great practical importance. The dimensions aro determined mainly by two con- 
ditions, namely, the necessity for sufficient strength in the shank or stock of the tool, and that for 
sufficient space between the shank and tho sides ot the hole to allow the rock debris to escape readily. 
It has been found by experience that these conditions are best fulfilled when the distance between 
the aid* s of the hole and the shank of the tool is from in. to \ in. The form of the cutting 
edge is determined by soveral conditions. That first adopted was the chisel edge given to the hand 
drill. Later, to increase tho useful effect of tho blow, the edge was doubled, the bit being formed 
of two chisel edges inters* eting each other at right angles. This bit, which from its form was called 
the cross bit, was found to penetrate the rock more rapidly than the straight or chisel bit. At the 
commencement of the hole, the gain in speed was very maiked; but it diminished gradually as tho 
boiing progressed, owing to the difficulty with which the debris escaped. To remedy this defect, 
the cutting edges were next made to cross each other obliquely, so as to form the letter X. In this 
way, tho two chisel (<lg<s weie retained, while the breadth of the bit was considerably reduced. 
This form, described us tho X bit, cleared the hole much more effectively than the cioss, but not in 
a manner that was altogether satisfactory. Another modification of the foim was therefore mado, 
and this time that of the Z was adopted, the umar and tho lower poitims of which were arcs of 
circles, struck fioin the ceutro of tho bit in the direction contrary to that of tho lotation. This form 
of tool, which is known as tho Z bit, readily clear* *d itself of tho lock debris Hut bcsidistliis 
advantage, it was found to possess others of an important character. In tho chisel-odge forms, the 
comers of the bit weie lapidly worn off by friction against the sides of the bore-hole. In the Z 
form, this wearing no longer occurred, by reason of the large surface exposed to friction. Another 
advantage of the Z form lies in its tendency to bore the hole truly ciicular. Genoially, then, it may 
bo stated that this form satisfies most fully tho deter- 
mining conditions. The form of bit, however, that is 
most suitnblo in any givon ease will be determined by 
particular circumstances. Of tin se, tho nutuie and the 
character of tho rock will onoiato most powerfully to in- 
fluence tho choico. Thus the cross bit will generally bo 
found to bo the most suitable in fissured rock, while tho 
single chisel edge may bo used with advantage in rock 
of a very solid and hard character. Indeed, on the judi- 
cious selection of the most suitablo form of cutting 
edge, tho success of machine boring largely depends. 

The forms of bit doscribed arc shown m Figs/832 to 839. 

As in tho case of hand-boring, each successive length of * »?'> 
drill must diminish slightly in the width of its cutting 
edge ; a diminution of about ^ in. may bo considered ^ 
to be sufficient. Care should, however, bo taken to ensure 
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tho piopor dimonBions being given to the edge ; and to this end, it will be found advantageous to 
have at hand an accurate gauge, through which tho tool may bo passed previously to its being fixed 
to the machine. It is important also that tho tool bo truly centred ; that is, the centres of the edge 
of tho bit, of the shank, and of tho piston rod should be perfectly coincident 

The foregoing descriptions rolato to the tools employed in hiring the shot-holes. It remains to 
treat biicfly of those appliances which are used in firing the charges, after those have been placed 
in the holes. The moans employed for exploding the charges are of two kinds ; in one kind, com- 
bustion is made to take place slowlv, in order to allow time for tho men to make good their retreat 
from the sj>ot ; in the other, the firing material is acted upon at a distance. The former means 
consists generally of a train of gunpowder, so placed that ignition of the grains must necessarily bo 
gradual and slow. The latter meauB is electricity acting upon a suitable substance. 

The old, and in some parts still employed, mode of constructing a slow train was as follows ; — 
An iron rod of small diameter and terminating in a point, called a pricker, was inserted into the 
charge, and left in the bore-hole while the tamping was being rammed down. When this operation 
was oomplete, the pricker was withdrawn, leaving a hole through the tamping down into the charge. 
Into this hole a straw, quill, or other like hollow Bubstanoe, filled with gunpowder was inserted. A 
piece of slow match, usually touch-paper, affixed to the upper end of this train, served to light it 
The combustion of the powder oonfinea in the straw fired tne charge, the time allowed by the slow 
burning of the match being sufficient to enable the man who ignited it to retire to a place of safety. 
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A far more efficient moans of firing is the safety fuse invented l>y W. Bickford. This fuse, shown 
lull Bize m Jig. 340, consists of a flexible cord composed of a central core of fine gumiowder, sur- 
rounded by hempen yarns twisted up into a tube called the countering. An outor casing is made 
0 ^ materials, such as tape, thread, or guttaperidia, according to tlie circiunstancos under 

which it is intended to be used. A oentral touch thread, or, in some cast s, two threads, passes 
through, the core of the gunpowder. The details of the manufacture have already been given in 
a former article of this Dictionary. Safety fuse, which in external appearanoo resembles 
a piece of plain cord, is fairly certain in its action ; it may bo used, with equal facility, a*o. 
in holes bored in any direction and is capable of withstanding considerable pressure 
without receiving injury ; it may be used without special means of protection in wet 
ground, and it may be transported from place to place without risk of damage. In 
using this fuse, a sufficient length is cut off to reach from the charge to a distance of 
about 2 in., or further if required, beyond the mouth of the shot-hole. One end is then 
untwisted a little to loosen the train, and inserted into the charge to a depth of about 
half an inch. The fuse being held against the sides of tho bore-hole with the other 
end projecting beyond it, the tamping is put in, and tlio projecting end of the fuse 
slightly loosened, like the other end. The match is nppli< d diiectly to thi> part. Tlio 
rate of burning is about 30 in. a minute. Safety fuse is usually sold in coils of 21 ft. ~~ — 

in length. 

The application of electiicity to tho ignition of charges in rock blasting offcis 
numerous and very great advantages. These advan tages are of two kinds, namely, 1 lioso 
due to the simultaneous discharge of the blasts, and those which follow from the* nature 
of the means of ignition. Simultaneous firing lessens the total amount of work to 
bo done by the explosive agents employed. As an illustration, suppose a free rock 
face AB, Fig. 341, behind which aro thico shot-holes a be, If a be tiled first, the 
lines of fracture will run in the directions am, an, and a wodgc-shftpod puce, am n 
will be blown out. Tho subsequent firing of b will cause the lines of fracture to run : 

in the direction bo, b j>, and will force out a trapezoidal bloc*k bo nj >, leaving a boss 
a bo, and tlio explosion of tho shot c will subsequently „nnd in like inainur, l>> causing 
the lines of fracture cq, cr, bring out the block c q pr, and Imve the boss ( l> 7. But | 3 

if these three shots bo fired simultaneously, the lines of fiaetuie will run m tho * | 

directions a w, c r, a c. In this ease, the lines of fracture are much shorter than in tho 1 1 

preceding ; there is, therefore, less work to be done, and consequently a smaller quantity E fi 

of explosive will be required. Thus there is an advantage on the side of economy j jj 

obtained from the simultaneous firing, and it is evident that this advantage will J f 

increase in importance with the number of shots liiecl togetht r. But it will he observed | g 

that this simultaneous firing leaves 110 projections or boss's, the face being brought 
away comparatively clean and smooth. This is another advantage of no miiii 11 impel t- 
ance. Also by tiring the shots ut one instant, there is a saving of time, which in many east's may 
be of some importance. 

Of the advantages which follow from the nature of the means of ignition employed, the greatest 
is, peihaps, the increased safety of those engaged in tho blasting operations. The fuses in the 
several shot holes having been connected together, and put into the ciicuit formed by tho leading 
and tho return wires, the men retire 

for the blasts to bo fired, and the ex- 311. 

plosion cannot take place until they have 

The fuse is ignited iu the presence of 
at least one man, and the burning con- 
tinues during the time thut he is hasten- 
ing away. Should the fuse, or oue 
portion of it, prove defective and run, 
as it is termed — that is, burn too 
rapidly — tho chargemau is exposed to 
great danger; but with tho electiic 
fuse, the blast is fired at the precise 
moment desired, when it has been ascer- 
tained that all are under shelter. It will 
noed but little reflection to see that this . .. - 

condition is one which is highly conducive to tho safety of thoso employou. But the mnjoi ity of acci- 


untilit has again started the train beyond the point of interruption. The operators theshot 

to have missed, return to the working face, only to l>e blown to pieces by the UU, ‘^P . • } . 1 

of the charge. Against this danger electricity affords perfect security, for it 

when the current is sent through the circuit, bv no possible chance can it expiode aftenvuras. 1 bus 
the advantages on the side of safety are greatly in favour of < lectrical firing. , 

notable gaufof speed due to the same cause. From fifteen to twenty 
before tfie men return to a missed shot. Now, though hang-fires and 

manufacture, are not of very frequent occurrence when fuses of good quality are ? 

occasioned by the fuse being severed by the explosion of an adjacent ^ m hcading^and 
shafts everv-dav events. By waiting the prescribed time, much delay is occasioned, i nis auay is 
entity avoide/ by the use ? of electricity, for then the missed shot muy be approached at ouco. 
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When a large body of men are employed, and when speed is a primary requirement, this is an 
important advantage. 

The Austrian chief inspector of railways, Hofrath Bitter von Pischoff, thus expresses himself 
concerning the advantages of electrical firing; — “A greatly increased amount of work and a 
notable saving of cost is effected when the shots can be so disposed, and fired as to mutually assist 
one another. These results are obtained by the use of electricity as the firing agent. The experi- 
ence which has been gained at the Buchenberg cutting, where the method of firing by electricity 
has been extensively adopted, has shown that, when properly employed, this means allows, in com- 
parison with the ordinary methods, twice the amount of work to be performed in a given time. It 
is therefore strongly recommended to adopt electrical blasting whenever it is a question of economy 
of time and of money.” 

The requirements of praotioe may be summarised as follows ; — 1. Electric fuses should be so 
constructed as to be easily applicable to the charge of explosive used. 2. They should not be 
capablo of being injured by rough handling. 3. They should be so prepared that the operator may 
have no trouble or difficulty in putting them into circuit. 4. They should bo certain to explode 
undor ordinary conditions of firing. 5. They should oxplode simultaneously in large numbers. 

There are two kinds of electric fuses in use, known respectively os tension and quantity fuses ; 
becauso the former are fired by means of a current of small quantity but high tension, and the 
latter are fired by means of a current of largo quantity and low tension. In tension fusees, the 
priming composition is fired by the passage of a current of electricity through it. The circuit is 
interrupted within the casing of the fuses, and the priming is interposed in the break, Fig. 343. The 
current, in leaping across the interruption, meets with great resistance from the low conductivity of 
the substance to be passed through, and consequently heat is generated and the 342. 343. 

priming fired. To overcome the groat resistance occasioned by the break in the 
metallic circuit, high tension is required in the current, which must therefore be 
generated by a machine, the low tension current of a battery being insufficient for 
tho purpose. These fuses can, however, be firod by batteries of great power, by 
raison of the conductivity of tho priming composition. In quantity fuses, tho 
priming is fired by the heat generated by. tho current in a piece of fine platinum 
wiro. This wiro is included in tho circuit, and surrounded by'a substance inflam- 
mablo at a low toraperatuie, Fi_c. 842. Tho heat developed in the wiie is due to 
the great resistance occasioned by its small section. As the circuit is uninterrupted, 
tho low tension current generated by a battery, or by a dynamo-electric machine 
constructed for quantity may be used. Tho advantages of high tension lie chiefly 
in the convenient form and ready action of the machines employed to excite the 
electricity. Being of small dimensions and weight, simple in construction, and 
Hot liable to get quickly out of order, those sources of electricity are paiticularly 
suitable for use in mining operations, especially when the operations are entrusted, 
as they usually are, to men of no scientific knowledge. Moreover, as the means of 
discharging tho machino may be removed until the moment when it is required, this 
modo of firing offers greater seem ity than the battery. Also by employing a current of high tension, a 
largo number of shots may bo fired simultaneously in single circuit, with greater certainty than is 
obtained with a battery. Another advantage of high tension is the small effect of lino resistance upon 
tho current, a consequence of which is that mines may bo firod at any distance from the machine, and 
through iron wire of very small section. The disadvantages of high tensions arc the necessity for 
perfect insulation of the wires, and some degree of uncertainty in the fuse when not properly con- 
structed. When electricity of low tension is employed, tho insulation of the wires needs not to be 
perfect, so that leakages arising from injury to the coating of the wires are not of great importance. 
In many oases bare wires may be used. Another advantage of low teusion is tho ability to test the 
fuso at any moment by means of a weak current, whereby an almost absolute certainty of action 
may bo insured. For this reason it is usually preferred for torpedoes and important submarine 
work. On the other hand, tho copper wires used must bo of comparatively large section, and the 
influence of lino resistance is so considerable that only a small number of shots can be fired simul- 
taneously, when the distance is great. Moreover, as the number of fuses is increased, the power of 
the battery must bo augmented by adding to the number of its cells. So that for ordinary mining 
operations the battery becomes large und unportable. But the chief disadvantage of tho buttery lies 
in the fact of its requiring a liquid to excite the current, and tho consequent careful attention and 
dolicato handling which the elements require. This defect may, however, be removed to some 
extent by a suitable form of tho battery. 

Baron von Ebner, of the Austrian military service, was the first to construct a tension fuse that 
was at all satisfactory in its action. It did not, however, fully satisfy any one of the requirements 
enumerated. It was clumsily constructed, and was only fairly certain in its action. But it must be 
acknowledged to be the model upon which all subsequent inventions have been founded. P. Abel, 
in England, took Ebner*s construction and piimed it witli a new powder of his own invention. 
This fuse, known as Abel’s fuse, has been largely used for firing guns, and for military purpose's 
generally. But tho mode of construction adopted, aud the cost of production, have prevented it 
from being much used in industrial operations. Beardsley, in the Unitod States, introduced a new 
system, by interposing a bridge of graphite between the terminals withiu the fuse, tho graphite 
being heated by the passage of tho current, and the priming resting upon the graphite thereby fired. 
This fuse is very certain when fired singly, and it is capable of being tested like a platinum wiro 
fuse, but when connected in large numbers fails. 

Soveral modifications of the foregoing fuses have been adopted in Germany, in the United 
Statos, and in England. Some of these, especially those of American invention, fulfil the first four 
requirements ; but none fulfil the fifth. If the number in circuit is 'not greater than ten, the best of 
these fuses may be relied upon to explode. But when this number is exooeded some of the fuses 
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mi*B. The cause of these failures has not been satisfactorily ascertained If we put two fuses m 
single circuit, and oue of these has much greater conductivity than the other, this one will miss 
If they aro put in divided circuit, the other one, that is, the fuse which has least conductivity, will 
miss. If both fuses are practically equal in conductivity, both will explode From these faots it bus 
been inferred that if all the fuses were equal in conductivity, any number witluu the power ot the 
machine could be fired at once The inference, howevci, is not true It fuBcs made exactly equal 
m conductivity, are limited m number to fifteen or sixteen, tin y all explode with certainty, but 
when the number is grtater, failures occur In searching for the cause of these failures, it would 
seem that time must be taken into account The resist mee of the tunes retards the currout, anil 
possibly the explosion of the first may mteirupt the cncuit before the cunont has acted sufficiently 
on all It should bo remarked here that no bttter results aro obtained by putting the fuses 
in divided circuit 


To connect the fuses to the machine or the battery, two sets of witob are roquired when u single 
shot is to bo fired, and three sots may be needed when two or more shots me to bo find simul- 
taneously Of these several sets of wires, the first consists of those which are attached to the Iums, 
and whieh, by reason of their being placed in the shot hole, are called tho shot-holo wires Iwo 
shot hole wnes must be attached to each fuse, and they must be of such a length that wlnn the 
fuse has been placed in its pioper position m tho chnige, tho ends may project a few inches fiom 
the hole These wires must also be insutated to prevent the escape ot the iiurent 

The second set ot wires con&isti of those which uri employed to connect the clmigcs one with 
another, and which, for this reason, aro called connecting wires In connecting the clmigcs 
in single circuit, the end of one of tho shot-hole wires ot the first ehargo is leit free, and tho othu 
wuf is connected, by means of a piece 

ot this connecting wire, to one of tho 344 


shot hole wires in the second hole , 
the other wiro m this second hole is 
then connected m the same manuoi, 
to one of the wires m the third hole , 
and so on till the last hole is reached, 
one shot-hole wire of which is left 
fiee, as in the first When factional 
m ichirif s are used to fire the blasts, 
the tuses must always be connected 
up in this manner, which is known 
as sci li s or single cncuit In this 
arrangement, shown iu Figs 314 and 
345, tho whole current is s nt through 
tho series of fuses With magnet) 
electric rnaol lues, it is bolter to 
adopt the divided cncuit, as shown 
in Figs 310 and 117 lhe leading 
and the return wucs are, m this 
method, attaohed to the groups tf 
fuses at L and R, and tho current 
then divides itself, a portion pissing 
through the fu&es to the right ot L, 



and another portion through th >se to 
the left of that point Whenever the 
connecting wires cm bo kept from 
touching the rock, and also from 
coming into contact one witn another, 
m most cases this may be done, baio 
wire may be used the cost of which 
is very small But when this con- 
dition cannot be complied with, and, 
of course, when blasting m water, the 
connecting wnes, like the shot bole 
wires, must be insulated When 
guttapercha shot-hole wires are used, 
it is well to have them sufficiently 
long to allow the end projecting from 
one hole to reach that projecting from 
the next This renders connecting 
wire unnecessary, and, moreover, saves 
one joint for each shot 

lhe third set of wires required 



are those which arc used to connect „ _ , , . , , 

the charges with the machine, or tho battery Those wires, which arc called cable s consist each 
of three or more straneis of copper wire, well insulated with guttapcrc ha or with indiarubber, the 
coating of these materials being protected from injury by a sheathing of tape, or of galvam/ed lion, 
wire underlaid with hemp Two of these cables are needed to complt te the circuit , the one which 
is attached to the positive terminal of the machine is distinguished as the hading cable, and 
the other, which is attached to the negative terminal, is described as the return cable When 
the cable is provided with a metallic sheathing, the latter may be made to servo instead of a return 
cable, but is a b id plan 
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To Are /run-cotton or dynamite, detonators are need. These are copper capsules about } In. id 
diameter and 1 m. in length, containing a charge of fulminate of mercury. When safety fare is 
used the end is cut off clean and inserted into the cap, which is then pressed tightly upon the fuse 
by means of a pair of pliers, as shown in Fig. 818. When the bore-hole is very wet, a little white- 
lead or grease must be put round the edge of the cap as a protection. The electric fuses are always 
made water-proof ; these are supplied with detonators affixed, as in Fig. 849. When the safety 
fuse burns down into the cap, or when, in tbe other case, the priming of the 
electric fuse is fired, the fulminate explodes, and causes the detonation of 
the oharge in which it is placed. 

The machines used tor firing electrical tension fuses are of two kinds. 

In one kind, the electricity is excited by friction, and stored in a condenser, 
to be afterwards discharged by suitable means provided for the purpose. In 
the other kind, tbe electricity is excited by the motion of an armature before 
the poles of a magnet. The former are called frictional-electric exploders, 
the latter, magneto-electrio exploders. 

Friotional machines act very well so long as they are kept in a proper 
state. But as they are injuriously affected by a moist atmosphere, and weaken 
rapidly with use, by reason of tho wearing away of the robbers, they must be 
in good eleotiioal condition before using them for firing, otheiwise the quantity 
of electricity excited by a given number of revolutions of the plate will be 
vaiiable, and vexatious failures will ensue. If, however, the proper precautions 
be observed very certain and satisfactory results may be obtained. In Ger- u 
many and in America fiictional exploders are generally used. Magneto- 
electric machines possess the valuable quality of constancy. They are unaffected in any 
appreciable dogiee by atmospheric changes, and they are not subject to wear. Moreovei, 
as they give electricity of a lower tension than the friction machine, defects of insulation 
are loss important. Whatever exploder is used it should possess great power. The mistake 
of using weak machines has done more than anything else to hinder the adoption of 
electrical firing in Groat Britain. 

The machine most used in Germany is Bornhardt’s frictional exploder, Figs. 850, 351. 

It is contained in a wooden case 20 in. in length, 7 in. in 1 breadth, and 14 in. in depth, 
outside measurement. Tho weight is about 20 lbs. To fire tbe chargos,— F, a plate of 
vulcanized rubber; J, a collector of the same, and having also a number of metal points; 

K, cat’s-skin robber; H, its support; L, Leyden jar; G, discharger; B, diBC of vulcanized 
rubber ; c 6, gear-wheels let into the case P,— tho leading cable is attached to the upper 
terminal C, and the return to the lower D, the other ends of these wires being connected 
to the fuses. Tho handle d is then affixed and turned briskly from fifteen to thirty times, 
aooording to tho numbor of fusts in circuit and the state of the bauchme, to excite tho 
oloctiicity. Tho knob K is now pressed suddenly in, and the discharge takes place. 

To allow of the condition of tho machine being readily nsc< rtained, a scale of fifteen 
brass-headed nuils X is provided on tho outside, which scalo may be put in commu- 
nication with tho terminals C and D by means of brass chains, as shown in tho figures. If aftor 
twelvo or fourteen turns tho spark loaps the Beale when the knob K is pushod in, the macliino is in 
a sufficiently good working condition. 



In America there are two frictional exploders in oommon use. One, Fig. 852, is the inven- 
tion of H. J. Smith. The other, Fig. 858, is the design of C. Mowbray. The former apparatus 
is enclosed in a wooden ease about 1 ft. square, and 6 in. in depth. The handle is on the top of 
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the case, and is tuned horizontally. As in Bornhardfs machine, it is made removable for 
safety. The cables having been attached to the terminals, the handle h toSffcST Zul 
number of times to excite the electricity, and then turned a quarter of a revolution back ward 
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shaped case, and is known as the powder-keg exploder, the form and dimensions of the ease being 



those of a powder keg. The action is similar to that of Smith's machine, Tho weight is almut 
26 lbs. All of these machines are extensively used, and good results are obtained fiom tlum. 
They stand well in a damp atmosphere, do not quickly get out of order from tho wearing of 
the rubbers, and arc portable. 

A magneto-electnc machine frequently used in England is that of Siemens. This machine is 
of smaller dimensions than the motional exploders described ; but it greatly exceeds them in 
weight. The apparatus, shown in Fig. 354, contained within 
a easing, consists of a Siemens* armature, made to revolve be- 
tween the poles of an electro magnet by turning the handle. The 
coils of the magnet are in circuit with the wire of the armature. 

The residual magnetism excites weak currents ; th< se increase 
the magnetism, inducing still stronger cunents. The limit is 
determined by the magnetic saturation of the iron cores of the 
electro-magnets. By automatic action tho current is, at every 
second turn of the handlo, sent into the cables leading to tho 
fuses. To fire with this machine the handlo is turned gently 
till a click is heard, indicating that the handle is in the right = 
position. The cable wires are then attached to the terminals, 
and the handle is turned quickly but steadily. At the com- 
pletion of the second revolution the current passes out through 
the cables and the fuses. As witli fiictional machines, the handle is, for saftty, made removable. 

The simplest form of magneto-electric machine in common use is “ Broguit’s,” Illtinti ato«t in 
Figs. 355 to 357. It is unsuitable for firing a large number of fuses in divided circuit, but if not moro 
than two or three be required to bo fired simultaneously, it will be found convenient. In this 
machine, the induction coils are placed upon bars of iion constituting a continuation of the arms 
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of the magnet. The latter is fixed upon a base of wood. Against the bars of soft iron, upon which 
the coilsare placed, presses an armature a; this armature is fixed upon a lever L which turn* 
about a horizontal axis. When this lever is pressed down by a blow upon the knob p, atthe end 
of the lever, tho armature is withdrawn from the coils, but remains parallel with them. The lever 
ia provided with a spring s, which descends with the lever. While the armature is in contact 
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with the coils, the ftee end of the spring presses against the lower end of the screw q % the 
support of whioh is in communication with the wire of the coils. But when the lever is depressed, 
the spring descends also, until, at a certain poiut, it is separated from the screw. When this 
separation takes place, the hhort circuit k k' whioh previously existed is interrupted, and the current 
is then forced to pass into the long circuit kdd 1 k\ in which the fuse is placed. The point at 
which interruption shall take plaoo is regulated by raising or lowering the screw q. This point 
should be a little above that at whioh the spring stands when at tho end of its stroke, became 



then tho intensity of the current is at its maximum. When the hand is removed from the knob p , 
a spring benoath the lever, aided by the attraction of the magnet, forces the armature back into 
contact with the poles. A safety bolt t is pushed under the lever to prevent accidental discharges. 
The whole of the apparatus, with tho excep- 
tion of the knob and the terminals, is enclosed 
within a wooden case cc, shown by the dotted 
lines. 

The lending and tho return wires being 
fixed to the terminals dd\ and the fuses in- 
cluded in tho circuit, tho latter are fired by 
striking a sharp blow upon tho knob p. 

In concluding this description of the ap- 
paratus used in rook blasting, a few remarks 
are needed on the materials employtd as I 
tamping. To tamp a shot-hole is to fill it 1 
up above tho charge of explosive with some 
material, whioh, when so applied, is called the tamping. The use of tamping is to opposo 
a resistance to the escape of the gasoB in tho direction of the bore-holo. Clay, dried in the 
sun, or, preferably, by a fire, appears to fulfil most completely the requirements of a tamping 
material. There being no voids between the particles as in porous substances, there is no passage 
for tho gases. It is usual to prepare tho clay beforehand, and this practice is conducive both to 
rupidity of procedure and to effective results. The former consideration is an important ono, 
inasmuch as the operation, as commonly informed, occupies a good deal of time. To prepare tho 
clay pellets, a lump of tho plastic material is taken and rolled between the palms of tho hands until 
it has assumed the form of a sausage, from 3 to 4 in. in length, and of the diameter of tho bore-hole. 
When well dried, these pellets aro roudy for use. In making them up to the requisite diameter, 
shrinkage should be allowed for, since it is essential that they fit tightly into the hole. When the 
chargo has been put in and covered with a wad of hay, or a handful of sand or rubbish, one of these 
pelletB is inserted, and pushed home with a wooden rammor. Considerable pressuro should be 
applied to make the clay fill the hole completely, but blows should bo avoided. A socond pellet is 
then pushed down in tho same manner, and the operations are repeated until tho whole of tho hole 
is tamped. To consolidate tho mass, light blows may be applied to the outer pellet. It will be 
found advantageous to place an uudried pellet immediately above the charge, because the plasticity 
of such a pellet enables it to fill all the irregularities of the sides of the hole, and to securely seal 
tho passage between tho sides and tho tamping. A plastic pellet may, moreover, be pushed down 
without risk of causing an accidental explosion. In blasting down coal, soft shale is always used 
for tamping, bocauso it is ready at hand, and heavy shots are not required. In quarries, the dust 
aud ohippinga of the excavated rock are largely employed as tamping. This matorial haB, however, 
but littlo to reoommend it for the purpose beyond its readiness to hand. When tho hole is inclined 
downward, dry sand may be very conveniently and effectively used as tamping. But in this case a 
plastio clay pellet must be first put in immediately above the charge. Without the clay, sand affords 
but a very weak tamping. Sand tamping may be performed very expeditiously, and it is therefore 
to be recommended whenever the conditions are not unfavourable to its adoption. 


The operations of blasting are begun by striking a few blows with the hammer upon the spot 
from which the hole is to start, for the purpose of preparing the surface to receive the drill. In 
some cases, this preliminary operation will not be needed; but generalljftome preparation is 
desirable, especially if the surface is smooth, and tho hole to bo bored at an angle with it. For 
the purpose of illustration, we will take the case of a hole bored vertically downwards, and will 
suppose the boring to be carried on by double band. The surfaoe of the rock having been prepared 
to receive the drill, one man sits down, and placing the drill between his knees, holds it vertically 
with both hands. The other man, who stands opposite if possible, then strikes the drill upon the 
head with the sledge, lightly at first, but more heavily when the tool has fairly entered the rock. 
The man who holds the drill raises it a little after each blow, and turns it partly round, the degree 
of turn usually given being about one-eighth of a revolution. By this means, the hole is kept 
circular, and the cutting edge of the drill is prevented from falling twice in the same place. To 
keep the tool cool, and to convert the dnst and clippings into sludge, the hole is kept partially 
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fiUed with water, whenever it is inclined downwards. For this reason, downward boles are some. 

^' bed “ we f t , h ^ ea - an T J f “P wa >^ h °'es as dry holes. The presence of water greatly 
facilitates the work of boring It has been found by experience that the rate of boring in a dry 
and in a wet hole varies as 1 : 1 • 5 ; that is, it takes one and a half times as long to bore a dry hole 
tw to boro a wet hole. Then by using water, the time may be reduood by one-third. To prevent 
the wa-ter from spurting out at each stroke, and splashing the man who holds the drill, a Kind of 
leathern washer is placed upon the drill immediately above tho hole, or a bund of straw is tit d 
round it. When the hole has become too deep for tho short drill, tho next length is substituted 
for it, which is in its turn replaced by the third or longost drill as the depth becomes greater. Each 
drill, on the completion of the length ot hole for which it is intended, is sent uway to the smithy 
to be resharpened. In very hard rock, the drills may liuvo to be Iroqueutly cliangod, a circum- 
stance that renders it necessary to have several of the same length at hand. 

The depth of shot-holes varies from 1 ft. to 10 ft., according to tho nature of the rook, tho 
character of the excavation, and the strength of the explosive to be u*ed. In shafts and in heading- 
the depth varies generally between 2 ft. 0 in. and 4 ft , a common depth being 3 ft. The debris which 
accumulates at the bottom of the hole must bo removed from time to time, to keep tho rock exposed 
to the edge of the drill. Tho removal of this sludge is effected by moans of the tool called a scraper. 
If the sludge is in too liquid a state to allow of its ready removal by this means, a few handfuls of 
dust are thrown in to render the mass more viscous. The impoitanco of keeping the boro- hole free of 
sludge, and of shortening the time expended in using the scraper has led, in some localities, to tlio 
adoption of means for rendering the sludge sufficient y vhcous to adhere to tin* drill. When in 
this state, tho sludge accumulates around the tool rather than lieneath it, the, fresh portion formed 
pushing the mass upward till it forms a thick coating upon the drill throughout a length of several 
inches. When the tool is withdrawn from the hole, this mass of ddbris is withdrawn with it; in 
this way, the employment of a scraper is rendered unnecessary. This mode of clearing tho Iwire- 
holes is commonly adopted by the Hartz minors, who use slaked lime for the purjioso. This 
lime they reduce to tho consistency of thick pusto by tho addition of water, anil they store it 
covered with water, in a small tin box which they carry with them to their work. To use this 
paste, they take a piece about tho size of a walnut, dilute it with water, and pour it into tho bore- 
hole. This lime-paste is, for the purpose intended, very effective in friable rock, especially if it bo 
of a granular structure, as sandstone As the grains of sand resulting flora the trituration of such 
rocks have no more tondoncy to adhere to each other than to the di ill, each of them becomes coated 
with a coating of lime, which causes them to agglutinate into a viscous mass, possessing sufficient 
adhesiveness to enable it to cling to the tool in the manner described. When the hole 1ms been 
bored to the requirod depth, it is prepared for the reception of the charge. The sludge is all care- 
fully scraped out to clear the hole and to render it as dry as possible. This is necessary in all 
cases; but the subsequent operations will be determined by the nature of the explonvc, and the 
manner in which it is to be used. If black powder is employed in a loose stab}, tho hole must bo 
dried. This is done by passing a piece of rag, tow, or a wisp of hay, through f lie eye of tho semper 
and forcing it slowly up and down the hole, to absorb the moisture. If water is liki ly to How into 
the hole at the top, a little dam of clay is made round the hole to keep it hack. Whon water iirnls 
its way into the hole through crevicos, claying by means of the bull must be resorted to. in such 
cases, however, it is far more economical of time and powder to employ tho latter in waterproof 
cartridges. Indeed, excepting a few cases that occur in quarrying, gunpowder should always lie 
applied in this way. For not only is a notable saving of time effected by avoiding tho operations 
of drying the hole, but the weakening of tho charge, occ,usiom*d by a largo proportion of the grains 
being in contact with moist rock, is prevented. But besides these advantages, the cartridge offers 
security from accident, prevents waste, anil affoids a convenient means of bundling the explosive. 
It may bo inserted as easily into upward as into downward holes, and it allows none of the powder 
to be lost against the sides of the hole, or by spilling outside. 

When the hole is ready to receive tho explosive, the operations of charging are commenced. If 
tho powder is used loose, the required quantity is poured down the hole, care being taken to prevent 
the grains from touching and sticking to the sides of tho hole. Thin precaution is important, since 
not only is the force/ of the grains so lodged lost, but they might be the cause of a preinaturo 
explosion. As it is difficult to prevent contact with tho sides when the hole is vertical, and im- 
possible when it is iuclined, recourse is had to a tin or a copper tube. This lube is rested upon tho 
bottom of the hole, and the powder is p >ured in at tho upper end; when the tube is raised, the 
powder is left at the bottom of the hole. In horizontal holes, the powder is put in by means of a 
Kind of spoon. In holes that are inclined upwards, loose powder cannot bo used. When the 
powder is used in cartridges, the cartridge is inserted into the hole and pushed to the bottom with 


VV UUU DUU MVWUUA ID Alt VUI VAIU^VD) # A* i * I 

is pushed into the bore-hole. The fuse is held in its position during the operation of tamping by 
a lump of clay placed upon the end which projects from tho hole, this end being turned over upon 
the rock. The tamping is then put in, in small portions at a time, and firmly pressed down with 
the tamping iron, the latter being so held that the fuse lies in the groove. I he tamping should 
be done with dried clay pellets previously prepared, in the manner described in a preceding 
paragraph, when the time consumed in tamping will be reduced to a minimum. An abundant 
supply of such pellets should always be at hand. In downward holes, such as are used in shaft- 
rinkiug, the plastic clay pellet and sand may be employed. This tamping may be put in 
rapidly, and in all but very shallow holes, it is very effective. Whon it is desired to use sand 
faJs ptng in horizontal holes, and holes bored in an ascending direction, the sand should be made 
up in paper cartridges. The tamping employed in the St. Gothard tunnel consisted of sand 
up in pajmr ug f Benis tunnel, an argillaceous earth was similarly prepared in 
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piper cartridges for tamping. If the charge is to be fired by electricity, the fuse is inserted into the 
charge, and the wires are treated in the same way as the .safety fuse. When the tamping is com- 
pleted, the wires are connected for firing in the manner already described. In all oases before 
tamping a gunpowder charge placed loose in the hole, a wad of tow, hay, tnrf, or paper, is placed 
over the powder previously to putting in the tamping. If the powder is in cartridges, a pellet 
of plastic clay is gently forced down upon the charge. Heavy blows of the tamping iron are to be 
avoided until five or six inches of tamping have been put in. 

When gun-cotton is the explosive agent employed, the wet material whioh constitutes the charge 
is pnt into the shot-hole in cartridges, one after another, until a sufficient quantity has been intro- 
duced. Each cartridge must be rammed down tightly with a wooden rammer, to rupture the case 
and to make the cotton fill the hole completely. A length of safety fuse is then cut off, and one 
end of it is inserted iuto a detonator cap. This cap is fixed to the fuse by pressing the open end 
into firm contact with the latter by means of a pair of nippers oonstruotea for the purpose. The 
cap, with the fuse attached, js then placed into the central hole of a dry primer, which should be 
well protected from moisture. When an electric fuse is used, the cap of the fuse is inserted in 
the same way into the primer. The prim or is put into the shot-hole and pushed gently down upon 
the charge. As both the dry gun-cotton and the detonator may be exploded by a blow, this 
operation must be performed with caution. Ootton-powder or tonite requires a somewhat different 
mode of handling. It is made up in a highly oompressed stato into cartridges, having a small 
central hole for the reception of the detonator cap. This cap, with the safety fuse attached in 
the way described, or the cap of the electric fuse, is insetted into the hole, and fixed there by 
tying up the nock of the cartridge with a piece of oopper wire placed round the neck for that 
purpose. The cartridge is then pushed gently down the shot-hole, or if a heavier charge is 
required, a cartridge without a detonator is first pushed down, and the primed cartridge put in 
upon it. No ramming may be resorted to, as the substance is in the dry state. When dynamite is 
the explosive agent used, a sufficient number of cartridges is inserted into the shot-hole to make 
up the charge required. Eaoh cartridge should be rammed home with a moderate degree of force 
to muke it fill the hole completely. Provided a wooden rammer bo employed, there ib no danger 
to be feared from explosion. A detonator cap is fixed to the end of a piece of safely fuse, and, if 
water tamping is to be used, grouse or whitolead is applied to the junction of tlio cap with the 
fuse. A primer, that is, a small cartridge designed to explode the chaige, is then opened at one 
end, and the detonator cap, or the cap of the electric fuse, is pushed into the dynamite to a 
depth equal to about two-thirds of its length, and the paper covering of the primer is firmly tied 
to the cap with a string. If the cap is pushed too far into the dynamite, the latter may be fired 
by the safety fuse, in which case the substanco is only burnt d, not detonated. With an electric 
fuse this cannot oocur. The same rosult ensues if the cap is not in contuot with the dynamite. 
The object of tying in the cap is to prevent its being pulled out. The primer thus attached to the 
fuse is then pushed gently down upon the charge in the shot-hole. It should be constantly borne 
in mind that no ramming may take place after the detonator is inserted. Gun-cotton and tonite 
require a light tamping. This should consist of plastic clay ; or sand may be used in downward 
holes. The tamping should be merely pushed in, blows being dangerous. A better effect is 
obtained from dynamite when tamped in this way than when no tumping is used. In downward 
holes, water is commonly employed as tumping for a dynamite charge, especially in shaft-sinking, 
when the holes usually tamp themselves. But in other cases, it is a common piacticc to omit the 
tamping altogether to save time. 

When all the holes bored have been charged, or as many of them as it is desirable to fire at one 
time, preparation is made for firing them. The charge-men retire, taking with them the tools they 
have used, and leaving only one ot their number who is to fire the shots, in the case of squibs or 
safety fuse being employed. When this man has dearly ascertained that all are under shelter, he 
assures himself that his own way of retreat is open. If, for example, he is at the bottom of a shaft, 
lie oalls to those above, in order to learn whether they are ready to raise him, and waits till he receives 
a reply. When this reply has been given, he lights the matches of the squibs, or the ends of the 
safety fuse, and shouts to be hauled up ; or, if in any other situation than a shaft, he retires to a 
place of safety. Here he awaits the explosion, and carefully counts the reports as they oocur. 
After all the Bhots have exploded, a bhoit time is allowed tor the fumes and the smoke to clear 
away, and then the workmen return to remove the dislodged rock. If one of the shots has failed 
to explode, fifteen or twenty minutos must be allowed to elapse before returning to the place. 
Nine out of ten of the accidents that oocur are due to these dela>ed shots. Some defect in the 
fuse, or some injury done to it, may cause it to smoulder for a long time, and the blaster, thinking 
the shot has missed, approaches the fuse to see the effects produced by the shots that have fired. 
The defective portion or the fuse having burned through, the train again starts, and the explosion 
takes place, probably with fatal oon sequences. Thus missed shots are not only a cause oi long 
delays, but are sources of great danger. Accidents may occur also from premature explosion. Iu 
this ease the fuse is said to run, that is, bum so rapidly that there is not sufficient time for letreat. 
When the firing is to take place by means of electricity, the man to whom the duty is entrusted 
connects the wires of the fuses in the manner described at p. 135. He then connects the 
two outer wires to the cables, and retires from the place. Premature explosion is. in this 
case, impossible. When he has ascertained thaj all are under shelter, he goes to the firing 
machine, and, having attached the oables to the terminals, excites and Bends off the electric 
current The shots explode simultaneously, so that only one report is heard. But there is no 
danger to be feared from a misfire, since there can be no shouldering in an electric fuse. The 
face may, therefore, be approached immediately, so that no delay occurs, and there is no risk of 
accident. Moreover as all the holes can be fired at the moment when all is in readiness, a con- 
siderable saving of time is effected. The workmen on returning to the working face remove the 
dislodged rock, and break down every block that has been sufficiently loosened. For this purpose, 
they use wedges and sledges, picks and crowbars. And not until every such block has been 
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men u not kept waiting for the completion of the labour of another “ * e ** e of 

In beginning to blast down a face of rock in undeigroutid drivimrs the first ..ten is niu. » 
free face perpendicular to that of the heading. This i? aocomplishXv mvF» 1 hn?£ TLt 
together at tFe centre of the face, and angled so as £££$££ ZSS one “r tZ 
inches apart These shots are then heavily loaded with explosive, and strongly tamped When 
fired, these shotsthrow out a wedge-shaped mass of rock, leaving a corrosponcUng eavi?T' IntbS 
face is obtained. The operation is described as unkey mg the face. Around this 
cavity other boro-holcs are then placed, in such positions, and at such distances, thut tho explosion of 

kltnlT "niMw tl,e rook luto the cavity formed by the first shots. In this way. &o cavity 
is enlarged. By placing other shots in the samo manner around the enlarged cavity, the whole of 
the iaee is brought down. It will be evident that the first shots act under veiy unfitvourable con- 
ditions. For this reason, they should consist of heavier ehirged tlian thoM) subsequently required 
and, whenever practicable, they should bo fired simultaneously. Tho placing of blasting charges 
affords an opportunity for the exercise of skill on the part of the blaster. As tho conditions aio 
constantly varying, no rules generally applicable can be laid down. 

The principles upon which rock blasting is conducted will be best understood from the study of 
some good examples. The following aie given aB notable instances of driviuga intelligently 
designed and carefully carried out 

The excavations recently made for the now fortifications at Hi iligenberg, in Austria, wero 
executed by the military engineers stationed at that time at Olmutz. These works invohod tho 
removal of surface rock and the driving of underground ways. Tho rock to bo removed consisted 
of alternate beds of sandstone and argillaceous schiste The surface bed, tthioh was much 
decomposed by atmospheric agencies, was an argillaoeous marl about 5 ft thick. Tho Iwds 
of schiste dip at an angle of 45 degrees; their thickness varies from a few inches to G ft. Those 
beds are tiaversed by numerous veins of an argillaceous character. Tho stratification of the sand- 
stone beds ia less marked. Cleavago planes, however, exist, along which the rock parti il more 
easily ; and a number of veins of loo&e sand of a maximum thickness of four or five mchos. These 
rocks wero of moderate hardness. 

The method adopted in the open cuttings consisted, after removing tho suifaoo soil to lay baro 
the rock, in opening a trench parallel to the lino of oulerop of tho beds at tho b ittom of this 
trench, shown in Fig. 358. Shots were placed at a, the d<.ptli of the bore-holts being arado equal 


to threo-fourths the thickness of the bed, and their distance apart twice tho thickness. Usually, 
the shots, which were heavily charged, detached the whole bill; whin necessary, their cflfect was 
completed by additional shots at b from 5 to G ft. deep. Whenever a n< arly vertical face had to be 
dealt *ith, as shown in Fig. 359, tho dip of the beds was not taken into account, and boro-holcs 
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from 6 to 8 ft deep were put down, 5 or 6 ft. back from the face. In driving the I 
method of prooedure was varied according to the direction of the heading relatively to the dip of 
Wx/ia w h An the direction was tliat of the strike, a horizontal *bot was placed in the 
>0, 361, the depth of the hole being two-thirds that of the thickness 
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of the bed. After the face bad been nnkeved by this shot, other shots placed horiaontally were 
used to bring down the upper portion, the lower portion being subsequently removed by .vertical 
shots. Whem, on the contrary, the heading was advancing at right angles to the strike, loehned 
Swore first fired in the middle and lower beds, after which the upper portion was brought down 
by horizontal shots, as in Figs. 862 to 866. By using dynamite in holes of f m. diameter, an 
average advance of about 2 ft 6 in. was made in twelve hours. When gunpowder only was used 
in holes of 1 J in. diameter, somewhat less than half this rate of progress was attained. 



In some oases, the galleries were driven their full width at once ; but ubually an advance heading 
was driven, tho enlargement being subsequently undertaken. The method of procedure was to 
drive the heading forward ; then to break down the sides, and afterwauls to take up the bottom. 
The seveial operations, with the direction of the boi e-holes, are indicated m Figs. 806 and 367. In 
taking up tho floor, gunpowder was used. The charge of the latter explosive was half the depth of 
the bore-nolo ; of dynamite only from one-third to one-fifth of tho depth was allowed to the charge. 
It should alBO be borne in mind that in the latter case the diameter of the hole was reduced. Plastic 
clay was used for tamping, and ordinary safety fuse to ignite the charges. 



The excavation of the conduit for the Vienna Waterworks affords an excellent illustration 
of blasting, the work being about 8000 yards in length. The price to be paid was 143 francs per 
klafter run, a klaftor being 1*896 metre ; roughly 3/. a yard run. Tho dimensions of tho conduit 
wore to be 8 ft. high by 6 It. wide. Tho work was carried out in a highly intelligent and strictly 
scientific manner, a fact that ronders this example peculiarly instructive. The explosive used was 
dynamite of 72 per cent, nitroglycerine, made up into cartridges of l m. in diameter. Gunpowder 
and gun-cotton wore first tried, but they were found to bo less effective than dynamite in the tough 
rock through which the conduit had to be driven. Both electric and safety fuses were used. 

The rock to be passed through was a compact dolomitic limestone, traversed by some longitudinal 
fractures, and by numerous less important fissures travelling in different directions The stone 
was generally more compact in the anticlinal ridges, and moie or less fissured in the synclinal 
depressions; at the bottom of some of the depressions it was sometimes found in the state of 
conglomerate, and having the appeoranco of a species of breccia. According as the direction of 
the heading encountered the plane of fractures more or less perpendicularly, the stone was found 
to be fissured over a greater or less area. These fractures, which must not be confounded with 
the veins of spathio limestone found in grtat quantity in the most compact parts of the rock, and 
making no difference to the working, weie often filled with ferruginous, and sometimes very damp, 
s ind. The hardness and compactness of the rock varied with its purity, and with the quantity of 
magnesia, spathio limestone, oxide of iron, and similar minerals which it contained. 

The operations of blasting differ according as the lock is compact, fissured or conglomerate. 
Supposing that a plane forebreast, perpendicular to the direction to be followed, is oommencod 
wim; the first thing to be done is to select a place for the first shot, which is subject to very 
unfavourable conditions, because there is only a single free surface, and the shot can only take 
effectupon the side in which it is placed. The explosion of this first shot forms a cavity, of which 
the sides form free surfaces, and new planes of less lesistance, thus giving a large space for placing 
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the following shots. In the compact rook, it was proved unmistakably, that even when dynamite 
was used the blast-holes bored in a plane face, perpendicular to the axis of the heading, should 
have a line of least resistance not in the same direction as the bore-hole, the length of which lino 
should be shorter than the depth of the bore-hole ; thus the central shot does not give good 
effects even when the same hole is charged several times. It is well, therefore, to givo the first shot 
an inclination in conformity with the plane of the forebreast and a depth varying with the compact- 
ness and hardness of the stone, the inclination increasing and the depth diminishing in proportion 
as the hardness increases. With too slight an inclination or too gTeat depth, ilio effect is considerably 
diminished; the influence of an error in the depth is loss than that of an error in the inclination. 
Too great an inclination and too little depth are equally undesirable, because the difficulty of 
boring often increases with the inclination, and also because they lend U) the necessity of making 
too many bore-holes, and expending too much explosive for a given advance of heading. When the 
depth aud inclination of the bore-hole are good, and the charge is correctly proportioned to the 
depth the result generally effected in a hard, compact rock is shown in Figs. 388, :U19. The effect 
of the’ blast is to make the cavity A, and to shatter tho part B. The cavity is sensibly limited in its 
longitudinal section by the lower side of the bore-hole, which usually remains mtaol, and by 
a perpendicular line in the direction of tho bore-hole, guided by its depth. Tho sides of tho cavity 
only depart from theso directions in the neighbourhood of tho free surface. Tho elovation shows 
that the blast extends furthest around tho bottom of the hole, and that it diminishes as it nears the 
little increased. The side of tho bore-holo romnins visible nt tho 


orifice, around which it is a little increased. The side ot the bore- nolo remains visimo o wio 
farther side of the cavity to a depth varying from f to $ of the hole, mind from the Wltom. 
Fissures are also fouud, parallel to the hole, penetrating more or less far, according to tho hanln. Hs 
of the rook, and the latter may often be broken away with a pick or sledge, in tho miwt favourable 
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eases, as far as the line a 6, and at other times only to half jHiil to that™ pth ‘is 

bore is good but the depth « too great, and eonseqnontly On. cha^ej ^ ()f U|0 „1 0 

too heavy, tho result is that the part C, Fig. . / . y tQ() the effoet in still !<;««, 

remains intact in the rock. When the lnclinft t r purt 0 f tlie hole romains intact outside 

the size of the cavity is much diminished, and the gren P i u e g ; f j 0H 0 f the bore are only 
the cavity; the rock is not even shattered to any ^ ]ftW living the amount of depth 

crushed foi 2 or 3 inches. Fig. 871. Th f re >s however r the Illness and 
and inclination for a maximum of ™^h^’.dmittef 2. an oxtremo limit, tliat a line draw., 
compactuoss of the rock ; but it should bo adn latter should always roach tho 

perpendicular to the direction of the bore from th T ° b "‘ to ™ . f ^ cly cnmpiic t rook which l.ud to tie 
free surface and be shorter thajn the bore-hole. , X*pth of the first shot should not 

c-att.'rAWKSgjsri'' s iwk as 

tssss £ h'S-svct.ja 1 ™* - - •— - * — « 
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and it is necesaary to fire aeveralofthem sunu y. „i W ays BU ffi oie nt, if * el1 

the hardest and most compact parte of the e fo^breast, because it is hero that the rock «i 
and suitably disposed towards the centre « the tore , br0akin); of (in0 cavity into another, 
furthest from the side* which span it. In " der f t f _ id e and deep excavation, care was token to 
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depth of 2 ft 8 in. Here again it is nmmmry to avoid horizontal shots, and to regulate the depth 
in anoh a manner that the bottoms of the bore-holes never descend below that of the existing 
cavity, because the portions in excess would remain intact The charge, always varying with 
the nature of the rock, is determined by the effect of the previous shots ; it is not generally more 
than a quarter of the length of the bore, and never less than one-sixth ; a firm tamping is always 
indispensable to success. 

To sum up, in order to make a heading of 6 ft. 8 in. in width and 6 ft. 9 in. in height, in a 
very hard, compact rook, and where only three men can woik at a time, the process is as follows ; — 

The work is begun by placing in the plane of the forebreast, a little below its centre, the three 
first shots, and firing thorn simultaneously, After working with the pick, the cavity I is obtained, 
Figs. 878 to 875. Eight or ten more holes are then bored in order to break away the pait numbered 


372 . 373 . 374 . 



II, situated aboyo and alongside tho first cavity. After firing these, three moio unkeying shots are 

S lacod a little higher than I, bo as to give cavity III. After this, the upper portion, IV, is blown 
own, and subsequently the remaining portion, V, is attacked by eight or ton horizontal or vertical 
shots placed as deep as pOBsiblo. Following those instructions, it is possible, with ordinary workmen, 
to advanoe tho heading by 2 ft. in twenty-four hours, which would require thirty or forty shots, or 
the consumption of about 7* 41b. of dynamite. 



If, instead of being compact, the rock is fissured or stratified, the mode of working is somewhat 
different Two eases present themselves ; the strata lying longitudinally, as in Fig. 878, or trans- 
versely, as in Fig. 877. In the first ease, it is advantageous to bore the holes nearly parallel to the 
plane of stratification, and at intervals apart neatly equal to their depth; the latter, varying with 
the hardness and oompactness of the rook, should not generally exceed 2 ft. in the example quoted. 
In the second case. Figs. 377, 878, the position to be given to the bore-holes differs according as 
the plane of the strata is ascending or descending, after leaving tho forebreast. When the plane 
is ascending the holes axe all placed above it, and nearly horizontal. On the other hypotnesis, 
they are plaoed both above and below, and are arranged almost parallel to the plane of stratifica- 
tion, for their force is directed against this plane, which exercises the same influence as a free 
surface. In the rock to be passed through, the extreme limit of depth, eveu in this case, was laid 
down as 2 ft., and much care was taken to avoid cutting into the other strata, so that the remainder 
of the hole would remain untouched. The method of employing simultaneous firing to accelerate 
the work, depends much, in a stratified rook, upon the number and respective positions of the 
strata. When the stratification is regular, as in Figs. 879, 880, it is unnecessary to begin by firing 
the first three shotB which are required in the compact rock to produce a first cavity, and the 
beds are blown out one after another by a series of shots plaoed in almost parallel lines. When 
the stratification is irregular, it is an advantage to begin with a central cavity, which is made at 
the point where the disposition of the strata is most favourable ; in the same way, when the rock 
is not homogeneous in tho forebreast, it is made in the softest and least compact place. The 
charge is usually less heavy in a stratified rock than in a quite compact one, and its height rarely 
exceeds one-sixth of the depth of the holo. The work of cutting, under the conditions indicated 
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•bova, advanoe* at the rate of 2 ft, 8 in. in twenty-four hours, with an average consumption of 
6*2 lb. of dynamite. 

in conglomerate that the effect of the explosion is most considerable, and it extends 
ordinarily from 2 to 4 in. beyond the bottom of the hole. The rock is much shattered, and work 
with the wedge rendered very effective. In this case the bore-holes may be inclined much less than 
in a compact rock, and they may have a depth of 2 ft 8 in. ; the height of the charge may, at the 
same time, be reduced to one quarter or one-sixth of the length of the hole. Wh e n the samo material 

A 

. „ 8 * 8 . 880 . 381 . 383 



is met with over the whole surface of the forebreast, nothing is gained by beginning the operations 
with the three first shots mentionod above, and it is possiblo, without any ihfllculty, to blow away 
tq a height of 18 in to 20 in., and to an equal depth, the lower part I, across the whole of the 
section, Figs. 881, 382. Four or five shots are sufficient for this, planed in the samo line, inclined 
at 35° or 40°, and having a depth of 2 ft., but their lower ends must not reach to within less than 
8 or 4 in. of the level of the floor of the heading. The upper part, II, is ufti rWurds broken away to 
a corresponding depth, the shots being placed in rows, but having less inclination and greater 
depth. The upper bore-hole is horizontal and placed 2 or 3 in. below the roof. The hoie holes m 
the lower part receive a charge relatively higher than those of the upper oiicb, and are filed first. 
On the contrary when the nature of tho rock varies over the surface of the foiebrenst, and whin 
at the side of the brecciatcd parts wo find compact parts, we begin by tuking out a key in the 
conglomerate before attacking the compact stono. In operating as just described the heading 
advanced at the rate of 3 ft. 2 m. in every twenty-four boms, with an average consumption of 5*0 lb. 
of dynamite. In the * Me'moiro do M Makowicza ’ tables are given showing, for each of tho sixty- 
eight weeks that the working lasted, an account of tho time occupied, tho numbei of blast holes, Ihoir 
depth, the height of the charge in proportion to tho depth, the consumption of dynamite and safety 
fuse, and the corresponding advance of tho heading. It will suffice for us to say that in older to cut 
out 2604 yards of hiading, to blow away the rock in the open cuttings, as well as foi tho 
removal of rock from a tew minor excavations, for thocroction of the pumps and the like, I CO, <>74 
blast-holes of in. diameter were requiied, having altogether a length ot 70,2J>0 yaids , the wholo 
work occupied 434,482 hours, consumed 26,466 lb. of dynamite, and 134,320 yards of Ihckford 
safety fuse. The blasting in open cuttings, carried on near the Kaiserbrunn, mjuirod eleven 
weekfl and thirty men, working on an aveiage ten hours a day, to blow away 2676 cubic yur<ls ; 
they bored 4402 blast-holes, having together a length of 2804 yards, and consuming 1J 80 11>. of 
dynamite. Some of the holes were made with tho jumper and wore very deep, olectrk ity being 
employed to fire the Bhots. 

Tho foreman directed the placing of the boro-holts, their direction and depth. Tho holes wore 
bored with a drill of 1 inch diameter ; in the most compact stone, a minor, working well and able 
to keep the hole wot, bored 1*05 ft, working downwards and placid at a fair height; bonng 
upwards and in a less convenient spot he could only boro *8 ft. In a less compact stone the work 
progressed more quickly, but the length bored in an hour never exceeded 1 * 3 ft. in the first case 
and 1 ft in the second. 

Four or five blasts were fired in twenty-four hours. Ilulf-an-hour bifore each of these, tho 
foreman prepared the charges and the primers. Owing to the cartridges l»eing of the usual 
lengths, varying from 1 in. to 5 in., it was rarely necessary to cut the cartridges in order to make a 
charge. A primer was taken, and opened on one side, and, with a small stick, a cavity was made 
in the dynamite for the detonator ; this was fixed to the fuse in the ordinary way, then introduced 
into the cartridge so that the fuse could not fire the dynamite before tho explosion, which would 
give rise to objectionable gases ; the cartridge paper was then turned over the detonator and tied 
on. To provide for the safety of the men who fired the shots, the fuses were from 2 ft. to 3 ft. 8 in. 
in length; the length varied between these limits so as to produce tho explosion at the most 
favourable moment. At the time of charging, the hole was cleaned out, and a piece of rag intro- 
duced, rolled round the end of a stick. The cartridges, always containing soft dynamite, were 
then put m, and pressed down with a wooden tamper, sufficiently hard to open the cartridge and 
permit the dynamite to fill up the hole properly. After this operation a charge of 4 in. in height, 
in cartridges of || in., was reduced to 3} in. in a hole having 4® in. diameter. The charge thus 
disposed, the primer was put in its place, without Crushing it. It was expressly forbidden to have 
naked lights m the heading during charging. . .. . . 

The tamping should be effected as carefully and as tightly as possible. Sand is the best; 
clay and ochreous earth give equally good results. Wukr-tampiug rarely succeeds, and the 
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majority of the shots, so tamped, blow out. This tamping presents also the inconvenience of 
necessitating the use of an impermeable fuse, which is dearer, and sometimes very difficult to 
attach to the detonator in suon a manner as to keep the water oat of it. Better resalts are 
obtained with it in blasting in open cuttings, where the borings were deeper and more inclined. 
This mode of tamping is also defective in headings where the direction of the holes is more or 
less horizontal The tamping of ascending holes was difficult to execute, and cost] much time; it 
was facilitated by moistening the earth, or placing it in a casing. 

For firing the charge, the ordinary or waterproof Bickford fuse, and sometimes a fuse with a 
leaden case, are used. The common Bickford fuse gives the best results ; it has been notioed that 
when covered with guttapercha it sometimes gives mis-fires, owing to the melted guttapercha 
penetrating the detonator, and thus preventing the fire from being oommunicated to it. The lead- 
cased fuse possesses the disadvantage of giving rise to fumes of ferrocyanide of lead, which are very 
noxious. In spite of the advantages presented by electricity, it was not in this instance largely 
adopted, chiefly on account of the inexperience of the foremen. It was employed with the Abegg 
primer, as modified by Major von Kocziczka, to unkey the face, and excellent results were obtained 
by ita means. 

When all the holes were charged, the end of the fuse was split ; planks were laid over the 
extremity of the air-pipe to protect it from the projected rock splinters, and the workmen then 
fired the Charges by means of portfires of oiled paper. Fifteen or twenty minutes were occupied in 
charging, tamping, and firing a series of shots. The number of reports wore always oounted, in 
order to Know whether all the charges had exploded. This being the case, two men hastened to 
unoover the air-pipe, and to sot in motion the fan fixed at the entrance. When the number 
of reports indicated that some of tho shots had missed fire, the foreman, after waiting ten minutes, 
went alone to the heading to ascertain the cause, and if possible to reprime the charge. Some- 
times it was only necessary to relight the fuse, but more often the tampiug had to be removed to 
about 8 in. above the charge, a new primer placed in this space, and the charge re-tamped and 
fired. Each time that this had to bo done, the two charges exploded at the same moment. When 
the action of the ventilator rendered return to the face possible, the men proceeded with their tools 
to complete the work begun by the powder, by breaking down the masses which had been dis- 
placed, but not completely detached from the rook. The larger portion of tho broken rock 
resulting from the Explosion, was found lying in small fragments at the foot of the face of the 
heading attacked ; Btoncs were sometimes thrown to a distance of 40 or 50 paces. To avoid risk 
of accident, the men working in every part of the heading retired to a safe distance before the 
explosion. 

In America it is tho practice in tunnelling to drive headings of the full width at once. By this 
mode of prooedure a more rapid progress is effected, especially when machine drills are used. The 
method also leads to a notable economy of explosives. The system of wide headings is very favour- 
able to machine labour, and must, therofore, ultimately be generally adopted. Tho subject is moro 
fully considered under ‘ Rock-drilling.’ 

The following table relative to the blasting of one of the headings in tho Hoosac tunnel will be 
found highly instructive, inasmuch as it affords the means of comparison between different systems, 
and gives important data whoreon to ground estimates of other undertakings. 


DayB of labour, including foremen 

Number of machines sent out 

Brills dulled 

Inches of holes drilled 

Number of holes drilled 

Pounds of powder used 

Feet of fuse 

Pounds of candles 

Feet of progress made 

Oubio yards of rook removed 

East Heading. 

Heading driven 
East from West 
Shalt. 

Nov. 1, 1865, to 
June 8 , 1866. 
Hand labour and 
black powder. 
Areu 105 sq. ft. 

June 14, 1866, to 
Nov. 1 , 1866. 
Machine drills 
with black powder. 
Area 105 sq. ft. 

Nov. 1, 1865, to 
Nov. 1, 1866. 
Hand labour with 
black powder. 
Area 105 sq. ft 

5,476*00 

112,489*00 

255,789-00 

9,828-00 

6,563-00 

80,202-00 

2,606-00 

400*00 

1,517-00 

4,350-00 

979-00 

9,336-00 

161,504-00 

5,229-00 

6,313-00 

21,951-00 

2,268-00 

191-00 

926-00 

10,101-00 

188,505-00 
477,450*00 
18,186-00 
9,704-00 
40,896-00 
3,447-00 
637-00 
2,858 00 

Giving for 1 day’s labour of 1 man— 




Drilling machines broke down 


0-255 


Brills dulled 

20*540 

2-146 

1*8*662 

Inches of holes drilled 

46-703 

87*123 

44-298 

Number of holes drilled 

1-795 

1-204 

1-800 

Pounds of powder used 

1-198 

1-451 

0-961 

Feet of fuse used .. .. 

5-515 

5-046 

4 049 

Pounds of oandles used .. 

0*476 

0-521 

0-842 

Feet of progress made 

0*073 

0-044 

0-068 

Oubio yards of rock removed *, .. .. .. 

0-277 

0*218 

0*283 
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On 1 ft. of advancement required — 
Number of drilling machines working untill 

broken / 

Day’s labour of X man 

Drills dulled 

Inches of holes 

Number of holes 

Pounds of powder 

Feet of fuse 

Pounds of candles 

Cubic yards of rock removed 

East Heading. 

Heading driven 
East from West 
Shaft. 

Nov. 1, 1868, to 
June 8, 1866. 
Hand labour and 
black powder. 
Area 106 sq. ft. 

Jane 14, 1866, to 
Nov. 1, 1866 
Machine drills 
with black powder. 
Area 108 sq ft. 

Nov. 1, 1866, to 
Nov. 1, 1866. 
Hand labour with 
black powder 
Area 106 sq. ft 

• • 

13*674 

280*871 

638*624 

24*539 

16*887 

75*410 

6*506 

3*788 

22*718 

5*112 

48*752 

843*363 

27*305 

32*966 

114*626 

12*842 

4*834 

15*865 

296*066 

702*761 

28*563 

15*241 

64*231 

5*514 

8*703 

Average depth of holes in inches 

Depth of holes in inches cut by each single j 

Pounds of powder consumed in each hole 

Feet of fuse used for each hole 

Depth of holes cut by each drilling machine .. 
Number of holes cut by each drilling machine 

26*025 

2*274 

0*668 

3*073 

1 30*886 

17*299 

1*207 

4*178 

164*968 

5*341 

24*604 

2*374 

0*533 

2*249 

Holes, 1# inch 
diametor. 

Holos, If to 1$ 
inch diameter. 

Holes, If inok 
diameter. 


Books on Blasting. — Andre (G. G.), ‘Rock Blasting,’ 8vo, 1878; ‘Practical Treatise on Coal 
Mining,’ 2 vols., 4to, 1876. Drinker (H. S.), ‘ Tunnelling, Explosive Compounds, and Rock Drills/ 
4to, 1878. Spon (Ernest), * The Modern Practice of Well-Sinking and Boring/ crown 8vo, 1875. 

BOILERS. 

The economical production of steam is one of the most involved of problems and consequently 
steam boiler design is a matter as varied as can be. It is not our purpose here to treat it exhaus- 
tively, but to illustrate some of the best forms of construction, which have been practically tested 
and produced favourable results. Boilers are designated by names indicating thoir construction, 
shape, position, use, or locality in which they are extensively made, and frequently by the name of 
the inventor. 

A pair of ordinary Cornish boilers, as they are constructed and set in the English county from 
which they derive their name, is shown by Figs. 388 to 385. Each has the following dimensions ; 
diameter 6 ft 6 in., diameter of furnace tube 4 ft. 2 in., thickness of shell ^ in., thickness of tube 
4 in., length of boiler 30 ft., weight 10 tons. The ends are stayed by means of gusset stays formed 
of -Ar in. plate and double angle irons. The furnace tubes are often strengthened by moans of angle 
or | iron rings, this is desirable although not adopted m the examples, Figs. 383 to 385. The 
furnace gases are made to pass from the tube by splitting the draught along the sides ; they then 
meet under the boiler in the bottom flue, and thence to the chimney. 



The Lancashire boiler differs from the Cornish, in having two fumace-tnbes. In both types 
of boiler the shell is cylindrical, the ends are flat, and the furnace-tubes are carried through from 
front to back, below the ordinary water line, while the boilers are laid horizontally and fired inter- 
nally. Internal firing is essential either to a Lancashire or to a Cornish boiler. If the fires are 
put underneath they are simply externally-fired single or donble-flued boilers respectively. 

L&vington E. Fletcher, In 1876, described a typical form of the Lancashire boiler which was 

h 2 
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to give satisfactory results. This is shown in longitudinal section Pig. 386, Fig. 887 is an 
end elevation, and Fig. 888 a transverse section; it is safe for a working pressure of from 75 
to 100 lb. a sq. in. Its structure is elastic, so that it may not be rent or disturbed by the move- 



387 . 



ment of the parts, resulting from alternate expansion and contraction ; and is so set and the fittings 
are so arranged that the whole may be rccesslble to inspection. 

The Lancashire boiler has many variations, besides the simple form. Fig. 886. Of these in the 
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Galloway boiler, the ftnnaoes instead of nmning through from one end to the other unite in mi oral 
flue strengthened with conical water pipes. That shown in plan, Fig. 889, is made very short, and 
one flue is removed and replaced with thirty-five tubes, the remaining flue oontains the grate and 
is supported byiiwo Galloway tubes. A large combustion chamber at the back is strengthened by 
a third tube of the same kind. Access can be had to tho tubes at the back end through a man- 
hole closed by a firebrick blook. This boiler is adapted for use iu confined situations, and is made 
so as to require no brickwork setting, the products of combustion being led off to a flue by a hood 
of wrought iron, seen in front of the tubes to the left of Fig. 889. In the Multitubular form, the 



furnace-tubes unite in a combustion chamber, from which a number of small flue tubes, about 3 in. 
diameter and 6 ft. long, run to the back of the boiler Hill’s Multiflued boiler 1ms seven flues about 
11 in. diameter and 8 to 10 ft. long, which take the place of the small fluo tubes in the nmltitubular 
boiler. There are also others in which the furnace-tubcs branch oft* to tho sides or tho bottom of 
the shell, instead of running right through to the back end. 

Short boilers are found to do more work in proportion than long ones; this has been confirmed 
by experiments on the rapidity of evaporation by Charles Wye Williams and others. Short boilers 
also strain less than long ones, and are therefore loss liable to need lepair. A length of 80 ft. 
should be the maximum; with regard to tho minimum, some Lancashire boilers to suit particular 
positions have boon made as short us 21 ft. and found to work well, though the fittings become 
rather crowded. The length recommended and now generally adoptod is 27 ft. 

The diameter of tho boiler is governed by tho size of the furnaces, which should not bo loss 
than 2 ft. 9 in. to admit of a suitable thickness of fire and afford convenience in stoking. Thick firos 
are more economical than thin ones. Tho space between tho two furnace-tubes should not be less 
than 5 in., and that between the furnace-tubes and the side of the shell 4 in., in order to afford 
convenient space for cleaning and for tho free circulation of the water, as well as to give sufficient 
width of end plate, for enabling it to yield to tho expansion and contraction of the furnace-lubes. 
With this width of water space, it will be found that furnace-tubes having a diameter of 2 ft. 9 in. 
require a shell of 7 ft., which will afford a headway of about 2 ft. 9 in. from the crown of tho 
furnaces to the crown of the shell. A furnace 3 ft. diameter gives room for a thicker fire than ono 
2 ft. 9 in., but it requires a shell 7 ft. 6 in. diameter. For high pressures, tho smaller diameter of 
7 ft. is generally preferred, and is adopted as a standaid size for mill boilers throughout Lancashire, 
though one of 7 ft. 6 in. makes a good boiler and gives a greater Ind. H.P. to the lineal foot of 
frontage than one of 7 ft. The diameters both of the shell and of the furnace-tubes are measured 
internally, that of the shell being taken at the inner ring of plating. 

The ends, more especially the front, are the seat of the grooving action which occurs in 
Lancashire boilers when disproportioned. These grooves occur inside the boiler and around tho 
furnace mouth. They are tho product of mechanical and chemical action combined. The plate is 
fretted by being worked backwards and forwards by the movement of the furnace-tubes, consequent 
on tho action of the fire, and when in that condition is attacked by the water. To prevent this 
grooving, the ends should be rendered elastic so as to endure the buckling action without fatigue. 
To secure this elasticity there should be not only a sufficient width of end plate between tho two 
furnace-tubes, as well as between them and the shell, as already explained, but also a space of 9 in. 
between the contre of the bottom rivet in the gussets and those at the furnace mouth. Five gusset 
stays are found to work in better than any other number. With five gussets, one falls on the 
oentre line, which is not only the weakest part of tho front end plate and thus where it requires the 
most support, but also where it can be held fast without resisting the movements of tho furnace- 
tubes. The part of the end plate that should be left free is that immediately over the furnace 
crowns. With four gussets, the end plate is more unguarded at the oentre, which is the weakest 
part, and more confined immediately over the furnace-tubes, which is the line of motion. 

The thickness of the end plates is sometimes as much as } in. for pressures of 60 lb. a sq. in. 
This thickness however is quite unnecessary, and only tends by its ngidity to cramp the furnace- 
tubes and strain the parts. Half an inch has been repeatedly and successively adopted in boilers 
for pressures of 75 lb. a sq. in., and -&th in. when that pressure has been exceeded. These thick* 
nesses have proved amply sufficient. . 

Longitudinal stays are frequently introduced to assist the end plates, though not absolutely 
necessary where the gussets are substantial. They are shown at B In Figs. 886 to 388, and are 
secured at each end with double nuts, and placed 14 in. above the level of the furnace crowns, 
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m dose together as convenience will allow. When placed directly orer the fttrnaoe crowns, and 
only a few inches above them, they confine the furnace-tubes too strictly, and straining ensues. 

To increase the elasticity of the front end plate, it should be attached to the shell by an 
external angle-iron, rather than by an internal one or by flanging. It is not necessary to attach the 
end plate at the back of the boiler with an external angle-iron, and when this has been done, the 
angle-iron has been found to be injured by the action of the flame. 

Both of the end plates, instead of being made in two pieces riveted together at the joint, are 
welded, in the boiler, Fig. 886. This affords a flat surfaoe, which in the case of the front end is 
more convenient for the attachment of the mountings, Also both of them are turned in the lathe 
at the outer edge, so as to be rendered perfectly circular, and are bored out at the openings for the 
furnace-tubes. 

The longitudinal joints in the furnaoe tubes are welded when the plates are of iron, and double- 
riveted when of steel, each belt of plating being made in one length, and thus having but one lon- 
gitudinal joint. All the transverse seams of rivets are strengthened with Adamson’s flanged joint, 
or with an encircling hoop either of Bowling iron, T-k°n, or other approved section. Adamson's 
flanged scam is shown in cross seotion in Fig. 890, the T’Beam, Fig. 892, the Bowling hoop,. 
Fig. 891, and the Bolton steel hoop, Fig. 898. One of the evils that has attended internally-* 
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fired boilors has been the freqnent collapse of the furnace-tubes; but this danger is completely 
avoided by strengthening the tubes as just described, whereby, instead of being weaker than the 
shell as before, they are rendered stronger. This has been shown by experimental bui sting tests, 
in which, while the shell lias been burst repeatedly, tho furnace-tubes have not suffered at all, nor 
shown any movement on being gauged. In some cases Petrie’s water pockets, Figs. 395, 396 



and in others Galloway’s conical water pipes, Fig. 894, are introduced as a precaution against 
collapse ; while in others again the water pipes are made parallel, as in Fig. 388, and either riveted 
or welded in place, so as to form one piece with the flue tube. In all cases, however, the transverse 
soaiuB of rivets over the fire should be strengthened with flanged seams or encircling hoops ; and it • 
is desirable to continue this mode of construction throughout the entire length of the boiler; whether 
water pockets or water pipes are introduced or not 

The thickness of the plates in the furnace-tubes is sometimes as much as * in. This leads to 
violent straimiigand frequent leakage at the furnace mouths, and other transverse seams of rivets. 
Many furnace-tubes 2 ft. 9 in. diameter, though only A- in. thick, have stood a hydraulic test of 
120 lb ; S?,? 6 * ^ ltbout movement, and have worked satisfactorily for years at a steam pres- 

sure of 60 lbs. It is advisable, however, to have them a little thicker than this, in order to afford a 
margin for waste through corrosion, and also, when the flanged seam is adopted, in ordor to allow 
for the thinning that oooura in drawing the metal to make the flange. A thickness of 4 in. is suffi- 
cient for a working pressure of 75 lb. on the sq. in., ft in, for a pressure of 80 lb. or 90 lb„ and 

«*• for 100 lb. on the sq. in. 

Stay, are aometimee introduoed for supporting the furnace-tabes. Such stays, however, in the 
Lanouhire boiler are unnecessary, and when rigid are decidedly objectionable/ Furnace-tubes 
should be left free to move. As soon as a fire is lighted within them the top of the tube beoomes 
hotter than the bottom and elongates. Thu makes the tube arch upwards. Fumaoe-tnbes tyed to 
the shell often tear away from it in work. v w 

, r r.!^ * ln ;j hi « k f°f * of 73 lb. on the so. in., and * in. thick for • 

pressure of 100 lb., is Composed of plates about 3 ft. wide, which areiaid in not more than three 
lengths round the circumference, in order that the longitudinal seams may dear the brickwork 
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Beatings, The longitudinal Beams are so arranged as to break joint, and avoid the centre line (dong 
the top and bottom of the boiler. 

There is no steam dome in the boiler, Fig. 886. Fletoher considers steam domes expensive* 
weaken the shell, and often give trouble from leakage at the base. Added to this they are 
inoonvenient in carriage, as well as in revolving a boiler on its seat, which is sometimes desirable 
for repairs ; they are also inoonvenient in oovering the boiler over, and in the great majority of 
cases, if not in every instance, they are for stationary boilers perfectly useless. To prevent pinning, 
an internal perforated pipe C, Figs. 886, 888, is adopted in nlaoe of the dome. 

The manhole D, Fig. 886, is guarded with a raised mouthpiece of wrought iron, welded into one 
piece, flanged at the bottom and attached to the boiler with a double row of rivets, the thickness of 
the upper flange being | in., and of the body £ in. This has been found to stand a test of 800 lb. 
on the sq. in. without the slightest indication of straining. It is too frequently the practice not to 
strengthen manholes with any mouthpiece at all. Many explosions have arisen from this cause, 
rents starting in the first place from the unguarded manhole, and then extending all over the boiler. 
Tho loss of strength is owing not only to the loss of metal cut away by the opening, but also to the 
action of the cover, which in unguarded manholes is generally internal. This internal oover boars 
on a narrow edge of plating all round, and is driven outwurd by the pressuio of the steam, and also 
pulled in the same direction by the bolts in tightening the joint. In fact the cover acts as a sort of 
mandrel, which being forcibly driven through the manhole splits the boiler open. A heavy 
hydraulic test shows this action of the cover, by curling the boiler plate up around the manhole. 
Added to this, the joint is apt to leak, and thus to induce coriosiou and thin the plate, winch not 
only reduces its strength, but leads to extra foroe being applied to tighten tho joint. It has 
been the general practice to make raised mouthpieces of cast iron. This, however, is not 
wise for the high pressures now in use. A raised manholo having a oh ar opening of 16 in. diameter, 
which is the usual size, involves a hole in the shell plate at its liaso of about 20 in. diameter. The 

E late in which this hole is cut, unless it is duly strengthened, bocomes tho woakesfc part of the 
oiler when the longitudinal seams are double-riveted, tho furnace- tubes suitably strengthened 
with encircling rings, and the ends well stayed ; so that tho stability of tilt* entire structure depends 
on the manhole, if that fails, the whole structure fails. Under these circumstances it is evidently 
unwise to risk the safety of the boiler on a piece of cast iron. 

The mudhole A, Figs. 886, 887, at the front of the boiler, bem ath tho furnace-tubes, is also 
fitted with a substantial mouthpiece. This in some eases is external, like the manholo mouthpiece, 
and in others internal, as in Fig. 386. The internal ones have the advantage of being less 
in the way. In either case the surfaces at the joint, between tho body of the mouthpiece and tho 
cover, are faced true, so that the parts may be brought together metal to meial. 

Tho safety-valves E and F, and the steam stop- valve G ore fixed to the shell, each with its own 
independent opening, and not grouped upon the manhole mouthpiece as is sometimes the ease. 

In old-fashioned practice the fittings were bolted directly to tlio cylindrical portion of the shell. 
This led to the wasting of the shell through leakage at the joints ; so that it lias long since been 
tho practice to rivet short stand-pipes to the cylindrical portion of tho shell, and holt tho fittings 
thereto, the joint surface between tho flanges being planed up true. These stand-pipes, frequently 
termed fitting blocks, are not only more convenient for the attachment of the fittings, but also, 
being riveted to the plate and made of substantial section, strt ngtlun the plate round the hole cut 
in the shell. They are as a rule made of cast iron, but it b< comes a question whether, with tho 
high pressures now in use, they should not be made of wrought iron. 

The seams of rivets running longitudinally in tho cylindrical shell are all double-riveted, with 
£ in. rivetB, pitched about 21 in. longitudinally and 2 in. diagonally. Tho remuiuiug seams 
throughout the bo.ler are singfo-riveted only, the rivets be ing 2 in. pitch. 

The riveting is done by machine in preference to hand in the cylindrical shell, in the furnace- 
tubes, and as far as practicable in the flat ends. The rivet holes in the angle irons, T -Irons, and 
flanged seams are drilled, those in the plates being punched by most makers ; though by some the 
holes are drilled throughout, and the practice of drilling is strongly advocuted by them. The edges 
of the plates at the longitudinal seams of rivets are planed and caulked lightly, inside as well as 
out; though in many cases caulking is superseded by fullering. 

As a rule, boilers of this description are of iron in the shell, while steel plates arc frequently 
introduced in the furnace-tubes for a length of 9 ft. over tho fire, and sometimes from one end of 
the boiler to the other. For the furnace-tubes steel plates have been found to answer well, but 
u best best ” iron plates from first-class makers are employed for shells, more importance being 
attached to their ductility than to their tensile strength. Brands, however, are uncertain, and it 
is desirable that a complete system of testing should be adopted before a boiler is made, one plate 
out of the set proposed to be used being tested as a check, the investigation having special reference 
to ductility. Low Moor rivets are frequently used. 

The fittings are so arranged, that those requiring frequent access are immediately within reach 
of the attendant, when standing in front of the boiler. The feed is introduced on one side of the 
front end plate, about 4 in. above the level of the furnace crowns, an internal dispersing pipe H. 
Figs. 386 to 888, being carried along inside the boiler for a length of about 12 ft , and perforated 
for the last 4 fit. of its length. On the opposite side of the front end plate is fixed the scum tap, to 
which is connected a series of sediment-catching troughs K, Fig. 388, fixed inside the boiler. In 
the centre of the end plate are two glass water-gauges J J, Fig. 387, so that one may act as a check 
upon the other, a pointer being fixed to show the correct height at which the water should be kept. 
Immediately above the water-gauges is a dial pressure-gauge, and above that a dead-weight safety 
valve E. Thus whenever the attendant opens the furnace doors to charge the fires, he has the 
height of the water and the pressure of the steam directly before him. Under his feet is the blow- 
out tap, and behind him the coal supply, so that everything is ready to hand. Ho has not to climb 
a ladder in order to reach the water-gauges, or ascertain the steam pressure, nor to mount on the top 
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of the boiler in order to regulate the feed supply. A handle for regulating the dampers is frequently 
brought to the boiler front. On the top of the boiler are two safety-valves, one a dead-weight 
valve E, the other a low-water valve F, Fig. 886. 

But convenience in manipulation is not the only reason for this arrangement of fittings. If the 
feed is cold and introduced near the bottom of the boiler, it is apt to induce local contraction, and 
strain the transverse seams of rivets at the bottom of the shell ; but when introduced near the 
surface of the water, and parsed through an internal perforated pipe, it becomes dispersed before 
falling to the bottom. Further, although non-return valves may be introduced, they will sometimes 
fail and permit the water to escape, allowing the furnace crowns to become bare and overheated. 
When the feed inlet is placed above the level of the furnace crowns, it will be seen that they 
cannot be drainod bare by leakage at the non-return valve ; but when placed at the bottom of the 
boiler, the boiler may then be emptied by such an occurrence. 

The fhrnace mouthpieces N Fig. 887, are of wrought iron, finished off with a brass beading, 
and kept within the circle of the rivets, so as to leave them exposed to view. The flredoors are 
fitted with a sliding ventilating grid on the outside, and a perforated box baseplate on the inside, 
the aggregate area of the air passages being about 50 sq. in for each door, or about 3 sq. in. to each 
sq. ft. of firegrate. The firegrate is 6 ft. long, with the bars in three equal lengths, about q in. 
thick, and spaced ■§ in. apart. The bearers consist of two wrought-iron bars, carried on wrought-iron 
brackets, riveted to the sides of the furnace-tubes. The standard length of grate is 6 ft., but a 
shorter one is productive of economy, though the concentration of the fire is more trying to the 
boiler, and has been found, where the feed water has not been good, to injure the furnace plates, 
and render lengthening the grate necessary. 

All conned ion to boilers should bo elastic, so as to allow of their movement If the main 
etcam-pipo is carried across the boilers and bolted direct to the steam junction-valve, the joints 
are strained by the rising and falling of the boilers, as they are set to work or laid off. To prevent 
this, a spring length should bo introduced between the steam stop- valve G and the mam steam- 
pipe, as in Fig. 886. Where the mam steam-pipe has a considerable length to travel to the engine, 
it should not be taken in a direct lino, but should either be carried round the boiler house or be 
led in a horse-shoe shaped course, to give elasticity ; this is better than introducing an expansion 
joint, which is not always reliable. The fied connection should be elastic, for this purpose a 
ooppor elbow connecting-pipe P, Figs. 386, 387, is introduced between the main feed-pipe and the 
stand-pipe ; in some cases a wrought-iron horse-shoe shaped pipe has been adopted instead with 
very satisfactory results. 

Connections between the steam stop-valve and main steam-pipe are frequently made to incline 
upwards, but the steam-pipe should drain towards tho engine, and not towards tho boilers, its course 
being intercepted by a separator, fixed as near the engine as convenient. The principle on which 
those separators act is that of making the steam take a sharp turn, so as to snoot off the water 
mixed with it into a catch*cliamber prepared for the purpose. 

The weight of suoh a boiler as that in Figs. 886 to 388, when 7 ft. diameter, 27 ft. long, and 
made of plates -X in. thick, is about 12 tons without fittings; with fittings 15 tons. 

It has a heating surface in the external shell of 870 sq. ft. ; in the furnace-tubes, without water 
pipes, 450 sq. ft. ; in the water pipes 30 sq. ft. : making a total of 850 sq . ft. The firegrate has an 
area of 83 sq. ft. ; this gives for every square foot of firegrate 26 sq. ft. of heating surface. 

In feed-water heaters the surface varies ; sixty pipes, each affording a heating surface of about 
10 sq. ft., are frequently introduced for each boiler, making a total heating surface of 600 sq. ft., or 
about three-fourths of that in the boiler. 

From 15 to 20 tons of coal in a week of sixty working hours, or from 17 lb. to 23 lb. to each 
sq. ft. of flregrato an hour, may be burnt in such a boiler without distressing it or making smoke, 



all that is needed is to maintain a good thickness of fire, throw on the coal little and often, admit 
a little air above the bars for a short time after firing, and avoid the use of the rake. The coal may 
either be spread over the whole surface of thfrsflre, or thrown at alternate firings first to one side of 
the furnace and then to the other, on the side fimng system. 

The boiler, Figs. 897, 398, is of the form designed by Fairbairn, with a view of securing grea$ 
strength and extended heating surface. That sefep. in the figures is intended for pressures up to 
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ISO lb. on the square in. It consists of three exterior wraght-iron tubes 2 ?JVft B 9*b, d 
8 ft, 9 in. diameter, two of them having internal tubes, R B, of the same length by 2 ft. 9 in. 
diameter, containing the furnaces 0. The flames pass along the entire lengths of the furnaces to 
the ends, where they combine, and re- 398 

turn over the top of the lower tubes, _ 

and along the bottom of the upper tube, 
which is half full of water, and thence 
passing downwards below the lower 
tubes to the flue. 

Circulation is maintained by means 
of six connecting tubes D D* arranged 
Along the length of the boiler. The 
furnace flues are attached to the two 
bottom tubes by faced joints and screw 
bolts at each end ; internal rollers are 
also attached to the bottom and sides, 
and, by unscrewing the bolts at the 
ends, the flues may be withdrawn, thus 
rendering the interiors of the tubes 
accessible for cleaning or repairs. Such 

boilers generate steam rapidly, but are , 

"h“fold object of small water-spaoe and 
pressure, occupied mucli attention when high pressure steum was first used, B " d 
into favour from the proved economy of higher pressures of Bteam than are safe with ordinary 

boilers ; they therefore deserve 309 

careful consideration. The objects . 

aimed at in boilers of this class J 

arc, to remove danger by avoiding iTl. .. • ■ -jfeg r" '* 

largo accumulations of highly T 

heated water, and to make the vfd? 

parts so small as to avoid severe // \ \ 

strains on the material of con- j/ j *' • 

Some of the earliest high- \ \ ) l) i 

pressure boilers were made of • \ >< /~ I j . 

cast-iron pipes of small diameter, : / It* i 

as in the early Woolf boiler, • w J 

Fig. 399, which consisted of a * [([ ]| 

layer of horizontal cast- iron pipes, ^ ^ fT'\ • •* * 

12 in. diameter, exposed to tho ■ ir y iff J 

direct heat of the fire externally, ’**•• .*'* .. / 

connected above to a larger pipe ‘ -.'. w ^ 

and this again to a steam re- 
ceiver. In this boiler the prin- 

Zt 8 0f an E nlr 1 IxSa rpLsure, was well carried out, but the mode of constructing tbo 
^^wKTn^PwwnMlve^were'&’rt^mp^oyc^on tho common roads, some ingenious forms of tube 



boilers were designed, such as Hancock’s, Fig. 400, wliicb ^ Bma u flue-tube 2 in. 

s&siSes; rff MiriaS sta ** «>■ “ *• 
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tabes were connected together by small feed and steam pipes, and communicated with a steam 
receiver on the top, and the whole was enclosed in an external iron casing. Another arrange- 
ment for a similar purpose was Ogle’s boiler, illustrated at p. 482 of this Dictionary. Both these 
plans of boilers were used with success, and attempts were also made to use a set of thin flat 
chambers, as in Hancock's boiler, Fig. 403, connected together at top and bottom by a single steam 



pipe and feed pipe, Fig. 404. The flat chambers, however, were found to depend for strength too 
much upon stays, and various plans of corrugated and bulged plates wore tried with indifferent 
success. 

James' boilor, Fig. 405, already described at page 430 of this Dictionary, was composed of a series 
of annular cast-iron tubes, about 6 in. sq. in section, and 8 ft. diameter inside, which were placed 
side by side, and connected together by a water pipe at the bottom and a 
steam pipe at the top, as in Fig. 40G ; the cast-iron tubes thus formed a 
cylindrical space, within which the fire was placed, the whole being enclosed 
within a metal case. 

When it was found that vessels of largo diameter could be made of 
riveted plates, and capable of standing high pressures, the early small 
water-space boilers fell into disfavour, and the few then designed wero little 
used. It has only been recently that the principle of small water-space 
boilers has been revived, in oonsequenoe of the rapidly growing demand 
for higher pressures of steam than are admissible with the ordinary largo 
boilers ; and the following examples will serve to illustrate briefly the very 
ingenious principles of construction that have been brought out for this 
purpose. One of the earliest was Perkins high pressure boiler, described 
at page 465 of this Dictionary; boilers on this plan are still at work. 

The construction of the improvod Perkins boiler, as described by the 
inventor in 1877, is shown in Figs. 407, 408. The horizontal tubes are 2J in. 
internal and 3 in. external diameter, excepting the steam collecting tube, 
which is 4 in. internal and 5£ in. external diameter. The horizontal tubes 
are welded up at each end £ in. thiok, and connected by small vertical tubes, 

Figs 409, 410, of { in. internal and 1^ in. external diameter. The firebox 
is formed of tubes Dent into a rectangular shape, placed If in. apart, and 
connected by numerous small vertical tubes | in. diameter. The body of the 
boiler is mAde of a number of vertical sections, composed of eleven tubes, connected at each end by 
a vertical tube; these sections communicate at both ends by vertical tubes with the top ring of the 
firebox, and to the steam collecting tube. 

The Perkins vertical connecting pipes oro screwed into the horizontal tubes with right-and-left- 
hand threads, in the case of all the tubes forming the soparate vertical sections above the firebox, 
beiug sorewed simultaneously into the upper and lower tube, at A A, Figs. 409, 410. The ring 
tubes forming the firebox are connected by backing-out joints, like those used in making gas 
connections, the connecting pipe being screwed with a right-hand thread at both ends, as at O O ; 
in putting the rings together, the short connecting pipe is first screwed up into the upper ring to 
double the required distance, and then backed down into the lower ring ; so that, whichever way 
the connecting pipe is turned, it screws itself in at one end and out at the other. This arrangement 
affords the means of taking out and replacing any one of the ring tubes forming the firebox, 
without altering the vertical distance apart, between the adjueont tubes above ana below. For 
connecting the main a ctions of the boiler with the steam collecting tube at top, and with the 
firebox ring tube below, a differential joint B is used. A separate short pipe is screwed right-hand 
into each of the tubes to be connected, the threads being 15 to the in., as in all the rest of the joints 
throughout the boiler; and these two connecting pipes are united by a coupling socket, sorewed 
sight-hand at both ends, but with 11 threads to the in. at the top end and 15 at the bottom ; this 
rooket is first screwed down to double the required distance upon the lower connecting pipe, and 
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then backed upwards upon the upper, the differential thread haying the effect of drawing together 
the two ends of the connecting pipes, and thereby compressing a copper washer inserted between 



them, to form a perfectly steam-tight joint. All the 
screwed joints into the tubes of tho boiler arc made 
tight by caulking, after being screwed up. The 
differential joints admit of taking out and it placing 
any one of the sections of tho boiler over the fire, 
without interfering with any of the others. 

The whole of the boiler is surrounded by a double 
casing of thin sheet iron, filled up with vegetable 
black to avoid loss of heat Every tulie is separately 
pioved by hydraulic pressure to 4000 lb. on the 
sq. in., and the boiler in its complete Btate to 
2000 lb , this pressure remaining m for some hours 
without showing any signs of leakage. Experience 
of a very extensive character has proved that this 
construction of boiler can be worked safely, with 
great regularity, and without priming, and that tho 
steam produced is remarkable tor its freedom from 
moisture. The area through the vertical connecting 
tubes is found ample for allowing of the fice 
escape of the steam, and for tho prevt ntion of injury 
from overheating of the tubes m contact with the 
flame. 

Combinations of small wrought-iron tubes have 
been employed in various ways for boilers, and an 
example of one arrangement is tho Belleville boiler, 

Figs. 411, 412. This consists of a series of 
parallel horizontal tubes about 4 in. diameter inside, 
each of which is carried up from the bottom to the v 

top of the boiler, by a succession of bends overlying one another ; and each thus forms a separate 
course, from the feed pipe running along tho bottom to the steam pipe along the top. 
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Another arrangement la the Jordan boiler, Pigs. 418, 414, eonsisting of rows of vertical tubes 
84 in. internal diameter, connected together In each row at top mid bottom. 

A boiler on an entirely different principle of construction is the Harrison boiler, Figs 4lo, 4lo, 
which is composed entirely of a number of small hollow cast-iron balls of 8 in. external dia- 
meter, cast in sets of four rolls, and arranged in parallel inclined lines ; the balls in each line are 
in communication throughout, and are strung together upon a long bolt that is screwed up at each 



end; the several lines of balls communicate together in vertical rows, Fig. 416. This plan of 
boiler is in considerable use in Amerioa ; but it has not proved successful in England, owing 
to the trouble caused by the liability of the cast-iron bulls to split in working, and the delay of 
removing and replacing them, and also m consequence of the difficulty of keeping all the 
numerous joints steam-tight. The castings are all made with faced joints, finished to an exact 
gauge and fitted togethei metal to metal , and the very aoourate adjustments that have consequently 



to be maintained throughout, for keeping all the numerous joints steam-tight, is liable to be 
disturbed by irregular expansion occurring in working the boiler. The shape of the balls is also 
found objectionable, in consequence of their forming a succession of pockets throughout the water 
Bpace, and thus serving for the retention of deposit 

Another novel boiler is that of Benson, sliown at page 474 of this Dictionary, and to which 
we need not further allude. 

The demand for steam fire-engines led to the introduction of boilers for generating steam very 
rapidly, and having small vertical tubes hanging down into the fire with their lower ends closed. 
These boilers have a reservoir of water of some extent externally, but by filling up the space with 
hollow oopper vessels, suspended inside the tubes, the quantity of water contained in the boiler is 
reduced to a small amount, in order to allow of getting up steam in a very short time. A difficulty 
was found, however, with these pendent water tubes, from their soon becoming choked up with 
deposit and getting burnt; and the steam was sometimes generated so rapidly in the tubes as 
to blow the water out, causing the tubes to be overheated ana consequently to get out of shape and 
beoomo leaky. This difficulty was then overcome by obtaining a continuous circulation of water in 
the tubes, by the introduction of small internal circulating tubes, through which a down current of 
ooolor water is secured from the reservoir above, undisturbed by the rising steam in the upward 
current of heated water in the outer annular space. 
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The circulation action was rendered more certain by the funnel-shaped top of' the internal 
Field tube shown at p. 472 of this Dictionary. This plan has also been used to a considerable 
extent as an addition to ordinary large water-spaoe boilers, for increasing their heating surface. 

416 . 
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I In the Howard boiler, p. 469, a series of 
horizontal wrought-iron tubes of C? section 
are arranged longitudinally in a layer over 
the fire, and on each of them stands a row 
of vortical wrought-iron tubes, each con- 
taining an internal circulating tube, Figs. 

417, 418. The vertical tubes £Te about 
8 in. . diameter, and are screwed into the 
flat side of the bottom horizontal tubes ; they are closed at the top with a solid welded end, 
into which a short piece of gas pipe is screwed, connecting each row of tubes to a horizontal 
steam pipe above. 

The Allen boiler, Figs. 419, 420, which is in use in America, 41 ** 418 » 

has a series of rows of pendent inclined tubes about 5 in. diametor, 
closed at the bottom, and all exposed to the fire. The tubes in 
each row are connected at the top by larger horizontal tubos, 
which communicate with a Bteam receiver above; the inclined 
tubes are filled with water, which also half fills the hoiizontal 
tubes. There are not any circulating tubos within the pendent 
tubes, but these are placed inclined with the object of obtaining 
a circulation, by the food water descending on one side and the 
steam ascending on the other side. 

Figs. 421 to 428 arc of Firminich’s boiler; Fig. 423 and part 
of Fig. 422 are transverse sections ; Fig. 421 a longitudinal view, 
with part of the brick casing removed, and the right hand side 
of Fig. 422 a half front elevation. The boiler consists of five 
horizontal tubes, the upper one of which is used as a steam 
chamber, and is connected by two short pipes on each side to the 
lower tubos in the top of the boiler. Those latter are formed 
witli a flat portion underneath, and correspond in section with 
the two under tubes. The lower and upper sections are connected 
with double and parallel rows of tubes, converging from the lower 
to the upper horizontal tubes. The lower tubes are connected with a horizontal circulating pipe, 
and at tho rear of the boiler are blow-off and feed pipes, Fig. 421. Thero are altogether ono 


l 



hundred of the long iuclined connecting tubes, twenty-five in each row, but these are not spaced at 
equal distances apart throughout, wider spaces being left at two places for the introduction of 
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Reflecting walls, to prevent the direct escape of the heat from the furnace. Our figures are of an 
example which was exhibited at the Philadelphia Exhibition, which was rated at 100 horse-power. 

A olaes of boilers has been made in which the water space is reduced by the introduction of a 
large steam spaoe in the interior of the water, or by having a series of ooncentrio chambers of 
water and steam alternately ; but as in all such cases there is still a single external cylindrical 
shell of large size, these boilers are similar to ordinary large boilers, in their exposure to risk of 
explosion from high pressure acting upon a large extent of surface. 

42L 423. 


A\ 



The following Table, due to Chailos Oochrano, of Middlosborough, to whose researches wo aro 
principally indebted for the information hero given ,pn tube boilers, affords a comparison of tho 
water contents in several constructions of boilers, in relation to their respective heating surfaces ; as 
the basis for the comparison, an ordinary Cornish boiler having 500 sq. ft. of heating surface is 
taken, the dimensions being about SO ft. length and 6$ ft. diameter ; and the same extent of 
heating surface, 500 sq. ft., is assumed in each of the other boilers. 

Proportion of Water Contents to Heating Surface in Boilers. 


Approximate Dimensions. 


Class of Boiler. 

Heating 

Surface. 

Water 

Contents. 

Space 

occupied. 

No of 
Boilers. 

Size. 


sq ft. 

cub ft. 

cub ft. 


ft 


ft ft. 

Chimney 

500 

1120 

8,000 

4 

25 

X 

5, 21 tube. 

Balloon 

500 

1005 

10,000 

1 

18 

X 

18. 

Furnace 

500 

909 

7,680 

1 

25 

X 

9J. 

Cylinder 

500 

775 

4,000 

1 

80 

X 

4*. 

Lancashire 

500 

404 

2,700 

1 

28 

X 

61, 2} tubes* 

Cornish 

500 

875 

2,900 

1 

80 

X 

6#, 4 tube. 

Locomotive .. .. .. 

500 

70 

860 

1* 

10 

X 

4. 

Tube Boilers, average 

500 

40 

760 

1 

60 

tubes or more. 

Steam Fire Engines . . . . 

500 

27 

250 

5 

5 

X 

2. 


From this Table it will be seen that whilst the Cornish and Lancashire boilers have about 
400 oub. ft. of water for the 500 sq. ft of heating surface, the Furnace, Balloon, and Chimney 
boilers have more than double the proportion of water contents, but in the tube boilers the pro- 
portion amounts to only one-tenth, or 40 cub. ft. of water. 

Boot’s boiler consists entirely of a series of similar wrought-iron tubes A A, Figs. 424, 425, 
arranged in parallel layers with clear spaces between all the tubes, and the tabes in each layer are 
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ot« flie spaces in the layer below. The tabes are placed at an inclination of lin 8, rising from the 
bad: towards the front, Fig.424, and are connected together at both ends by caps 0 0, Kg. 426, which 
couple each tube both to the one below and the one above, so os to form a oontixfuoua oonununi-, 
cation, m a zig-zag direction, between ell the tubes in each successive vertical row. The furnace 
chamber is directly below the boiler, and extends to the same width and length; and the flame 
and heated gases pass up between the tubes, and escape at a fluo F at the top, which passes down 
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the boiler Betting, Figs. 424, 425. Each of the tube head* has two circular openings on the outer 
face, one above the other, Fig. 426; and oblique hollow oaet-iron caps 0 are fitted upon these, 
to form the oonfiections to the adjoining tubes above and below. The joints for these caps are made 
each by a single indiarubber washer f hi. thick, fitted into an annular reoess, and secured by a 
couple of X -headed bolts, fitting into snugs east upon the tube heads, with nuts outside. 

The two sides of the boiler are enclosed by brickwork, which is carried down to form the walls 
of the furnace chamber below ; and the top is covered in by fire tiles, resting on transverse iron 
girders, with a coating of sand or ashes above to keep in the heal A row of cleaning holes J J, 
closed by stoppers, is formed at each end of the boiler, extending up each side, and serving for 
examining the boiler, and for cleaning the exterior of the tubes from any deposit of soot and dust. 
This cleaning is done by a small steam jet from a flexible pipe, which is inserted in the several 
cleaning holes ; and by this means the boiler tubes are readily kept clean, and the passages between 
thorn prevented from getting choked. Eaoh end of the boiler is enclosed by a pair of iron doors for 
the purpose of protection. 

The water level of the boiler is at about two-thirds of the total height. The upper tubes are 
used as a steam chamber, and communicate with an external steam receiver E, 12 m. diameter, 
which extends across the top of the boiler. The connections from the several tubes are made by 
oaps, fitted upon tho top tube-heads in exactly the same maimer as the rest of the connecting caps 
0. There are 90 tubes in all, having a total heating surfaoe of 920 sq. ft., and 58 cubic ft. contents 
of water including the end oaps. 

The blow-off and feed, Fig. 424, is arranged so that the blow-off pipes all discharge into one 
transverse mud-drum M, and a single blow-off cook at one end of the drum is connected to an 
internal pipe within the drum, which has an opening opposite each of the branch blow-off pipes. 
The aperture of the blow-off cock is made larger than the collective area of the holes in the internal 
pipe, to ensure blowing off simultaneously from the whole of the lower row of tubes to the full 
extent. The feed L is introduced in the bottom layer of tubes at the opposite end to the blow-off, 
and the feed pipe is prolonged within each tube, by an internal pipe extending about two-thirds of 
the length, with the object of partially heating the feed water before its discharge from the pipe 
into the boiler. 

In this construction of boilor, tlio only portions that are exposed to the action of tho fire are 
the exterior surfaoes of the tubos, and the inner faces of the cast-iron heads. The tubes are plain 
cylinders with lap-wolded longitudinal seams ; and their small diameter allows of the motal being 
only 4 in. thick for a steam pressure of 100 lb. or upwards, with an ample margin of strength, as 
this thickness gives the same tensile strength as 2 in. thickness m a boiler G£ ft diameter. The 
tubes are all proved to a pressure of 500 lb. on the square inch before being fixed m the boilers. 

Cochrane states that in Borne experiments made with Root’s boiler, the consumption of coal 
amounted to 683 lb. during a period of 8 lire. 83 mins., and the quantity of water evaporated 
during the same time had been G30 gallons ; the results were therefore a consumption of 178 lb. 
of coal an hour, and an evaporative duty of noarly 10 lb of water to tho lb. of coal. The tempe- 
rature in tho chimney flue during this time ranged from 300° to 366° F., tlio firing being with 
coal. 

Miller’s cast-iron boiler, Figs. 427 to 430, is constructed of a series of separate cast-iron 
sections, joined together at the base of each by flanges and bolts. The sections are ot two patterns, 



each of comparatively small size, so as to contain only a small quantity of water; those at the front 
end are fl -shaped tubes A A, forming a succession of arches over the firegrate. The rear sections 
B B consist each of five vertical tubes cast in one piece, as shown in Fig. 480, united by a transverse 
horizontal tube at bottom and top, and finished at the top with a flange joint upon which is fixed a 
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oarer. The several sections are bolted together at the bottom by flange joints, the front arched 
sections having two connections, one in each leg, and the rear sections a single one iu the centre ; those 
connections form continuous longitudinal tubes at the bottom of the boiler, which are closed by a 
flanged cap at each end. The tubes of the firebox sections are 7 in. diameter inside, and 2 ft 4 in. 
width in the arched opening ; the vertical tubes of the rear sections aro taper in form, 4 in, diameter 
inside at bottom and 6 in. at top, and they are 2 ft. 6 in. length in the vertioal portion, with an 


428 . 



average ot 2 in. clear space between the tubes. The connecting flanges of the rear sections are 
placed out of centre with regard to the tubes, so that reversing the sections brings the spaces of ono 
opposite the tubes of the next, for tho ptfrpose of intercepting the flame and heated bases more 
effectually. The castings are $ in. thick, the rear sections weigh about 10 owts., and the trout 
arched sections are about 5 cwts. each. 



In the front sections a longitudinal midfeather is cast in each leg, Fig. 429, extending nearly to 
the top and bottom, by which the ascending curreut of heated water on tho innor side exposed to 
the fire, is separated from the descending current of cooler water on the outer side. In tho rear 
sections an internal circulating tube is suspended in each of the vortical tubes, Fig. 430, causing tho 
heated water to ascend through the outer annular space, and the cooler water to descend within tho 
circulating tube, which is of cast iron and is held central by snugs oust upon it. Tho steam is 
taken off from the top by a 2 in. wrought-iron branch pipe C, bent at right angles, and connected 
to a horizontal cast-iron steam main D, 10 in. diameter, which extends the whole length of the 
boiler, and is carried outside the brick setting. The branch pipes C 0 are fixed to each of the 
sections by a flange, bolted to a corresponding flange upon a snort neck cast on the top of the 
section ; and they are connected to the steam main D by a flange. 

The expansion of the cast-iron sections when heated does not affect the joints, because in the 
rear sections the separate castings are connected together by only a single joint at the bottom, and 
are thns free to expand in any direction without injuiw. In the front sections the effect of the 
expansion is to widen the arch to the extent of g in. ; the arched sections aro connected to the first 
of the rear sections, for the purpose of affording a continuous water way through the whole length 
of the boiler, but on one side only, so that they are left free to expand and slide upon the brickwork 
on the other side. The wrought-iron branch steam pipes 0, connecting to the steam main D, 
spring to a sufficient extent to allow for the excess of expansion of the cast-iron sections, without 
causing objectionable strain on the joints. 
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Hie flange joints of the boiler are faoed and put together with wire gatize and red lead, so that 
they can be readily separated and re-made it required ; they are finished to a standard template, ft 
that any portion of the boiler can be readily removed and replaced, without disturbing the rest of 
the seotions, which are duplicates. The front sections are all finished to the same length of 11 in. 
at the bottom joint, and the rear sections to 12 in. length. All the joints are completely protected 
from the action of the fire. Those at the top are protected by a layer of brickwork which rests 
upon the castings, as in Figs. 427 and 429; and the rear sections are cast with small projecting ribs 
upon them, which come together when the seotions are fixed in their places, thus forming a close 
top to the flue. The whole boiler is enclosed by side walls of brickwork, which are carried up 
above ; and the top is covered in with loose cast-iron plates that are readily removed for inspection. 
A large sight-hole with cast-iron cover-plate is made in one side wall opposite every alternate rear 
section, which allows of cleaning all the surfaces of the cast-iron tubes from soot and dust, by means 
of a jet of steam introduced by a flexible pipe into each of the holes iu suooession ; this cleaning is 
usually done about every other day. 

A blow-off oock E is fixed on the front end of each of the two bottom Bide tubes ; the boiler is 
blown off onco a week, and a small portion of the water is also blown off three times in each week. 
The feed water is introduced at F F, below the fire level ; the feed pipe is connected to the bottom 
main on one side of the fire and also to the fiyat of th? r?*? sections. 

The size of the boiler is re^atea by the number of sections employed in its construction ; and 
more^sectiojj, ^ b e added afterwards, without disturbing those previously fixed. The usual size 
of the boiler, Figs. 427, 428, consists of six front and twelve rear sections, and is equal to about 
86 H-P. The effective heating surface of each rear section, taken from the top of the base piece to 
the contro of tho upper chamber, is 23 sq. ft. ; and each arched section, taking only the inner half 
of the surface, is 7 sq. ft. 

In trials made by J. Layboume, of Newport, to ascertain its evaporative power and economy, the 
cast-iron boiler has proved satisfactory ; in one instance an evapoiative duty was obtained as high 
as 11 J lb. of water to the lb. of coal. In this case 625 J gallons of water at 53° Fahr. were 
evaporated in 8 hrs. 54 mins, by 560 lb. of Ebbw Yale Ellod coal, amounting to 11*17 lb of water 
to the lb. of coal, and equivalent to 11 *67 lb. of water evaporated from 100° standard temperature 
of feed ; the steam pressure was from 55 to 60 lb. 

In using the general class of boilers having small water-space, disappointments have been 
experienced from their not continuing at work without difficulties in keeping them in order; but it 
cannot be expected that the more complicated and delicate structure of those boilers, can admit of 
the same rough handling, and marked absence of systematic attention, that so commonly occur with 
the ordinary cylindrical boilers. Again at the tud of a certain period, dependent on the quality of 
the water used, they must be laid off for cleaning internally, otherwise the tubes would be liable to 
become choked up. Regularity of firing and steadiness of feed, are also matters requiring stricter 
attention than in wrilois which contain several hours’ supply of water. 

Piute iron ib in many instance s replaced by steel in the construction of boilers, the soft steel 
obtainable from certain processes being peculiarly suited tor the purpose. The following particulars 
of experiments made by William Boyd, of Neweastlo-on-Tyne, and presented to the Institute of 
Mecliunical Engineers, in 1878, are therefore of peculiar interest. 

Boyd’s experimental steel boiler, Figs. 431 to 433, was of the usual marine type, 13 ft. 3 in. 
diameter by 10 ft. 8 in. long, and contained three furnaces, 3 ft. 3 in. diameter ; the working pres- 
sure proposed was 65 lb. on the sq. in., and the total heating surface 1880 sq. ft. It is not noeessary 
to refer further to this design than to state tho reduction it was proposed to make in the thicknesses 
of the various plates, which was as follows ; — 

Reduction 
per cent. 

Boiler shell plates .. .. .. .. from £ to \} = 21-43 

Boiler ends .. , f J „ -ft = 25*00 

Furnaces and combustion chambers .. „ £ „ -fa = 12*50 

Front and back tube-plates | „ = 8 33 

On this design being submitted to tho committee at Lloyd’s, whose requirements were the causo 
of the experiments being undertaken, it was approved of as an experiment only, provided the 
material showed the following tests ; — 

1st. That some of tho plates token indiscriminately from among the shell and other plates 
should be submitted to a tensile test, and shown to have an ultimate strength of from 26 to 
80 tons on tho sq. in. 

2nd. That a specimen of the riveted longitudinal joint should be tested, and proved to have a 
percentage of strength ut least equal to 74 per cent, of the solid plate. 

3rd. That a shearing of every plate used in the construction of the furnaces, combustion 
chambers and tube plates, should be subjected to the tempering tests with satisfactory results. 
These tests consist in heating the sheared strips to a dull red and cooling them out in water of 
82° F. after which they should stand bending over to an external radius of 1 J times the thickness 
of the plate. 

4th. That it should be Bhown by an aotual experiment that the flat plates with the proposed 
reduction of thickness, slayed in the usual manner, are as strong to resist bnokling, by hydraulic 
pressure, as ordinary wrought-iron plate. 

It may be mentioned here that after careful consideration and experiment, of which the details 
will be given hereafter, it was decided to use steel rivets in the construction of the boiler ; and also 
that it should be fitted with solid-drawn steel tubes, so that the structure might be homogeneous in 
all its parts. 

The first series of tensile tests is that given in Table I. ; and the results may be summarised 
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in a few words. Seventeen samples were prepared, but three of these ga ve way at the attachment, 
leaving fourteen snooessfaL The average tensile strength of these fourteen specimens is 28 *7 tons 
on the sq. in., and with one exception, Ho. 7, they exhibit a remarkable uniformity, showing that 


431 . 433 . 433 . 



regularity of quality is now obtainable in a large specification of steel plates without practical 
difficulty. 

STEEL BOILER EXPERIMENTS (BOYD). 

Table I.— Tensile Tests. 



Elasticity is lost at an early point at an average of 16 4 6 tons a sq. in., equal to 58 per cent, of 
the average ultimate breaking stran. Elastic stretch also commences early; for in specimen 
No. 8, taken from the shell plates of the boiler, it is seen that elastic stretch is perceptible at a 
strain of 15 tons, equal to 11 tons a sq. in. of section. The strain on each sq. in. of the longitudinal 
joint, when the boiler is under the hydraulic test of double the working pressure, is 9*22 tons a 

m 2 


Ultimate Elongation in 
Percentage of Length. 
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sq. in., leaving a margin of If tons a sq. in., wliiob is sufficiently small to point to the advisability 
or not submitting a stool boiler to a greater hydraulic test than twice the working pressure. 

In endaavouriug to arrive at a fair estimate of the amount of stretch in relation to the length, 
it was thought advisable to eliminate all the short specimens as not affording reliable data. Taking 
four specimens 64 in. long, three 7\ long, and two 12 in. long, nine in all, it is seen from the last 
column in Table I that the average ultimate stretch or elongation is 26*5 per cent, of the length of 
the specimens, which is a considerable amount, and will be farther referred to hereafter. 

The experiments on the longitudinal joints were instituted in order to determine their strength, 
which had been calculated to bear a strain of 73 41 per cent of the solid plate. Two samples were 
prepared. Figs. 484 to 437, representing a fair average portion or Btrip of the longitudinal seam, 
12 in. broad x H in. thick, tne area of which through the solid plate is equal to 8*25 sq. in. The 
rivets were 1^ in. diam., pitched 4 in. apart from centre to centre. The holes in the joint, where 
the specimen waft expected to give way, were drilled through the butt straps and plates, as would 
be done in practioe ; but the work of the attaching plates was put together without sufficient con- 
sideration, and the holes were punchod and closed by iron rivets in the ordinary way. 

434 . 



435 . 



On being tested, the specimen broke at the attachment joint, in the line, Fig. 434. The break- 
ing strain was 133 tons, equal to 18*51 tons a sq. in., with little or no elongation. The area at the 
point of fraoture was 7*29 sq. in ; whereas at the point where the fracture was expected to occur, 
in the line of rivets of the longitudinal seam, the area was only 6*057 sq. in., and the holes closer 
to each other. 

Specimen No. 2 was a duplicate of No. 1, so far as the joint was conoemed, and broke through 
the line of rivets, as shown in Fig. 436, with a strain of 149 tons, equal to 24*59 tons a Bq. in. on a 
net sootional area of 6*057 sq. in. 

These results were not considered wholly satisfactory. Two other specimens were therefore 
prepared, Nos. 3 and 4, Figs. 438 to 441. No. 3 was an exact duplicate of Nos. 1 and 2 in the 
arrangement of the riveting of the longitudinal joint ; but the specimens were both made of suffi- 
cient length to avoid altogether the necessity of any attaching plate. In No. 4 chain riveting was 
employed. Specimen No. 3 gave way with a total strain of 140 tons through a sectioned area of 
6*057 sq. in., equal to 65 *82 per cent, at 26 tons for solid plate, or to 60*66 per cent, at 28 tons. 
No. 4, though tne riveting was arranged on the chain Bystem, had a sectional area of solid plate 
equal to 8*25 sq in. and an area through the line of rivets of 6*057 sq. in., giving a percentage of 
73*41, and thus boiug in this respect exactly identical with the other throe specimens arranged on 
the zigzag system. It gave way with a total strain of 174 tons, equal to 81 * 11 per cent at 26 tons 
for solid plate, or to 75*32 per cent, at 28 tons. 

These results confirmed the opinion that the cause of failure of the first three specimens was to 
be found in the narrow strips at the edges. 

In all three specimens the joint was considerably stretched before fraoture occurred, even 
in the case of tho specimen No. 1 ; and it would seem that these joints if made in steel would 
stretch very considerably, and relieve the pressure in the boiler long before it might actually 


Tabus II. — Pinched and Drilled Holes ih Steel Plates, First Series. 


No. 

Description of Holes. 

Stse 

of Plate. 

Sectional 

Area. 

Diameter 
of Holes. 

i 

Breaking 

Stress, 

Total. 

Breaking 

SfcraSr 

asq. in. 

Mean Break- 
ing Stress, 
asq. in. 



In. in. 

sq in. 

in. 

tone. 

tone. 

tons. 

1 

Punched .. .. 


3*98 

u 

75 

18*8 

} 18*1 

2 



8*98 

n 

70 

17*4 

8 



4*01 

i* 

110 

27*4 

27*4 
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Three experiments on punched and drilled holes are given in Table II. The diet two were 
punched holes, and show a mean breaking strain of 18* 1 tans a sq. in. ; taking 28 tons a sq. in. as 
the breaking strain of solid steel plate, this shows a loss or strength equal to 85*86 per cent. In 
the third experiment the holes were drilled, and the specimen broke at 27*4 tons per sq. in., 
showing a loss of strength of only 2 • 15 per cent. 

Table III.— Punched and Drilled Holes in Steel Plates, Second Series. 


No. 

Description of Holes. 

Size 

of Plate. 

Sectional 

Area. 



in. In. 

1 sq in. 

1 

Punched .. .. 

8 X U 

4-72 

2 

,, •• •< 

8 X 51 

4-72 

8 

„ (annealed) 

4-70 

4 

» ») 

8 X 

4-72 

5 

Drilled .. .. 

8 X U 

4-72 


Diameter 
of Holes. 

Breaking 

Sties*, 

Total. 

Breaking 
Strvss, 
a hq in. 

Mean Break- 
ing Sire**, 
asq in. 

in. 

ton*. 

ton* 

ton* 

;* 

103 

21 8 

| 21*15 

I A 

97 

20*5. 



142 

30*2 

| 29*5 

i* 

136 

28*81 


i * 

146 

30*9 

80*9 


Table III. exhibits the result of experiments to ascertain whether the process of heating, or 
annealing, the plates in the furnace had any effect; for in piactioe all the shell plate's were so 
treated, being put iuto a plate fhmaee and heated to a dull red heat,befoio being bent in the rolls 
to the required diameter. The first two specimens hod the holes punched, and broke at a mean 
strain of 21*15 tons a sq. in. In the second pair the holes were also punched, but tho specimens 
were afterwards annealed in the manner described, and the mean breaking strain rose to 28*5 tons 
a sq. in., showing a result fully equal to that allowed a sq. m. for solid plate. In the fifth pinto 
the holes were drilled and the breaking strain was 80*9 tons a sq. in. If then the mean bieaking 
strain of these last three specimens be taken as 30*2 tons a sq. in., and tho breaking strain of 
the first two specimens with punchid holes as 21*15 tons a sq. in., a loss of 29*97 per cent, is 
shown in this plate, all the five samplos having been cut out of one plate, as Uing duo to the 
operation of punching the holes. 

The result of the whole of these experiments seems to show conclusively that this material is 
not injured by drilling; that it is injuied to the extent of about 33 per cent, by punching; but 
that the nature of the material is restored eutiicly, if tho plate be heated and annoalod after 
punching, and allowed gradually to cool out. 

Experiments were made to ascertain whether the steel rivets were likely to be rendered brittle, 
by being heated in the furnace, and then cooled by the application of the pressure of tho hydiaulic 
riveter. 

The rivet heads from two similar rows of rivets, put in a lap joint in tho usual wuy, but one row 
of iron and the other of steel, weie cut off by the repeated blows of a hammer on the h< ad of a 
blunt set held against the rivet head, in the ordinary way wheu tho head of a defective rivet 
has to be removed; the same hammer was used tlnoughout, weighing 11 lb.; the samo two men 
struck the blows turn and turn about; and they cut an iron and a steel rivet alternately. The steel 
rivets were made from bars of Laudore-Siemens steel, the same quality as the boilor plates ; and 
the iron rivets were made of best Bcrap iron. The result was that the steel rivets 1 m. diameter 
stood an average of 16 blows each as against 10 for iron, or 60 per cent, highei aveiago, aud tho 
j-in. steel rivets stood an average of 6 blows as against 8*5 iron, or 71*4 per cent, higher uveruge. 

This result decided the point that steel rivets should be employed ; and they wore heated in an 
open-heaith rivet-heating furnace, arranged so that the flume would not burn them, while they 
were all heated to a uniform temperature. The riveting was done by hydiaulic riveters, giving a 
pressure of 40 tons on the rivet head. 

Buckling tests were fiist made without nuts on stays. Two boxes weio constructed, as in 
Figs. 442, 443, and subjected to increasing hydiaulic pressuro. One box was made of iron, 



with plates } in. thick, and the sides were held together with nine screwed stays of iron, 1) in. 
diam eter, 9 in. apart, with the heads riveted over in tho usual way, aud having 10 threads to the 
inch, ihe other box was made of steel plates in. thick, held together by screwed stays of steel. 
If in. diameter, 9 in. apart, with the heads riveted over in the same way as tho iron ones, and 
screwed to the same pitch. 
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The buckling was carefully noted &i the several points marked A to G in Fig, 442. The results 
are given in Table IV. as being fair nfsoee at which to institute comparison. Attention may be 
4rawn to the fact that in the steel plates the buckling commenced at 180 lb. pressure a sq. in., 
Whereas it did not commence in the iron plates till 195 lb. Permanent set took place in the steel 

Table IV.— Buckling Tests without Nuts on Stats. 

Iron Box. 


Internal Pressure, Lb. a Square Inch. 


Point marked In 

Pig m. 

lb. 

65 

lb. 

180 

lb. 

195 

lb. 

260 

lb. 

825 

lb. 

890 

lb. 

422 

lb 

475 


In. 

In. 

In. 

in. 

in. 

In 

in. i 

in. 

Left-hand side, A 

0 

0 

•015 

•015 i 

•015 

*062 

•079 | 

.. 

y, ,, B 

0 

0 

•015 

•015 

•015 

*077 

•095 

.. 

„ „ O 

0 

0 

0 

0 

0 

0 

Bare 

.. 

Bight-band side, A 

0 

0 

0 

0 

Bare 

•015 

•046 

•250 

T> 

„ „ n 

0 

0 

0 

0 

•Odl 

•047 

•062 

*235 

„ #, o 

0 

0 

0 

0 

0 

0 

• 0 

0 

1) 

tl 91 Ay 

0 

0 

0 

0 

0 

0 

0 

•062 

,, « E 

0 

0 

0 

0 

0 

0 

0 

0 

F 

0 

•015 

•031 

•031 

•046 

•063 

•093 

•250 

»» it Cl 

0 

0 

•015 

•015 

•045 

•093 

*124 

•406 


Permanent Set at S90 lb. a square inch. Burst at 550 lb. a square inch. 


Steel Box. 


Point marked in 

Fig 442 

Internal Pressure, Lb a Square Tncb 

lb. 

65 

lb. 

130 

lb 

195 

lb 

260 

lb 

325 

lb 

390 

lb. 

422 

lb 

475 


in. 

in. 

in 

in 

in 

In 

in 

In. 

Left-hand Bide, A 

0 

•015 

•015 

•046 

•062 

•407 

•750 

•750 

„ „ B 

0 

0 

0 

•015 

•062 

•375 

•704 

•718 

Biglit-hand side, A 

0 

•015 

•031 

•046 

•078 

•296 

•890 

•421 

,i ,, B 

0 

•015 

•031 
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Permanent Set at 825 lb. a square inch. Burst at 550 lb. a square inch. 


plates at 325 lb., and in the iron at 890 lb. At 422 lb. the buckling at the points A and B, was 
eight times greater in the steel plates than in the iron plates, and at the same pressure was nearly 
four times greater at the points F and Ct. The ultimate bursting point occurred in each case at the 
centre stays, with a pressure of 550 lb. a sq. in. 

Taplb V.— Buckling Tests with Nuts on Stays. 
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Internal Pressure, Lb. a Square Inch. 
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This earlv buckling of the steel plates showed the advisability of fitting the headB of the stays 
with nuts, which was adopted in the case of this boiler. 

In order to ascertain exactly the value of these nuts in supporting the flat surfaces, two other 
boxes were made, identical in every way with the former pair. These are Bhown in Figs. 444, 445 ; 
and the results of the experiment in Table V. 

In the steel plates the buckling commenced at 260 lb., and in the iron plates at 390 lb. 
Permanent set took place in the steel plates at 390 lb., and in the iron at 585 lb. At 585 lb. the 
buckling of the steel plates at the points A and B was six times greater than in the iron plates ; 
and at the samo pressure was six times greater at the points F and (4. Finally, the ultimate 
bursting occuried in the case of the iron box at u pressure of 1000 lb. a sq. in., tile tracture lulling 
place in the L iron and the framework of the box generally. Some ot the nuts on the sta)s were 
ciacked, but none of the serowi d stays broke ; nor dul the nut plutes give way at any part, [n tho 
case of the steel box the bursting occurred at 900 lb. a sq. in., and as in tho iron one it was the 
general fiamework that gave way. None of the stays broke, nor did the Hat steel plates crack at 
any point. 

Asa test of the effect of annealing, a piece of steel plate about 18 in. square was cut into two 
portions. Ono portion was heated in the plate-bending furnace to a dull red heat, and then cooled 
out suddenly in wnt< r; this process was repouted fifty times. The two pieces were then punched, 
bent cold and experimented on in various ways, with tho result that the piico which had been 
subjected to this fifty-fold annealing proeiss had lost none of its nature, but was as ductile ui^l 
malleable as the o lu r piece of plate w hich had not b< on so treated. 

Btutionaiy Boilers should bo set with as little brickwork in contact with the shell as prac- 
ticable, particularly at and niar the bottom, where any water or moisture is liable to lodge against 
the plates. All the flues should be faced with fire bricks, and fire lumps or blocks, but not bricks, 
should be used for the seating. No mortar should be used where it cun come in contact with the 
plates, but fireclay should be used instt ad for the whole sotting of the boiler. The flues should be 
sufficiently large to admit of being properly cleaned and to enable periodical external examinations 
to be made with facility and satisfaction. The common practice of cramping the fluis arises out of 
the desire to improve the efficiency of the boiler by keeping the gases in contact with the plates, 
But the slight waste of luat that may result from the use of moderately wide flues, is far out- 
weighed by the greater security obtained from the better examination they invite. These instruc- 
tions and some of those which follow are given by J. Wilson in his capital little treatise on 
Steam Boilers. 

Plain cylindrical or egg-ended boilers, when made with wheel draught or split draught, are 
supported on side walls, which should not exceed 3 in. in width at the surface on which the boiler 
rests. There is, however, no advantage gained in evaporative effect by making the flues of long 
and moderately long egg-ended boilers for wheel di aught or split draught ; but there is a decided 
disadvantage in the increased difficulty of cleaning and examining which these arrangements of flues 
involve. These boilers are best set with flash flues, the gases passing straight from the bridge 
along the boiler bottom and sides to the chimney. This arrangement dispenses with all brick work 
seating underneath the boiler, which is sometimes supported on cast-iron brackets, protected on 
their fronts by firebrick, but far more usually by brackets riveted to the sides and resting upon the 
masonry. Boilers of great length, 50 ft. and upwards, are often suspended from transverse cast-iron 
arches resting on the masonry at the sides and placed from 12 ft. to 1C ft apart. The boiler is ' 
connected to each bearer by means of three bolts, secured to angle or X irons riveted to the shell 
crown, and secured to the casting by nuts, by which the weight of the boiler can be adjusted. 
There should also be a strut of X iron across the inside of the boiler, under each bearer, to resist 
the tendency of the shell to assume an oval shape, from the weight of the lower portion of the boiler 
and the water, acting agaiust the upward direction of the force exerted by the suspension bolts. 

Since the weight on each biarer most vary considerably with the arching of the shell, due to 
the greater expansion or contraction of the bottom compared with the top, long boilera are liable to 
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be strained end break their becks, when suspended from the end attachments only, or the bottom is 
liable, to become buckled together, when suspended only from the middle bearers. 

To obviate this, J. Head devised a plan of suspending very long boilers by means of rings! 
hanging by springs or counter weights on suitable pillars ; this has met with some sucoess. 

The typical Lancashire boiler. Fig. 886, is set on side walls, and rests on firebrick seating blocks 
presenting a bearing surface 5 in. wide, Fig. 888. The side flues are 6 in. wide at the top, carried 
up to the level of the furnace crowns, or a few inches above, and down to the level of the bottom of 
the shell. The bottom flue has a width equal to the radius of the boiler, and a depth of about 2 ft. 
These dimensions admit of ample room for inspection. By keeping the width of the bottom flue 
equal to the radius of the boiler, the angle that the bearing surface of the seating block makes 
with the horizon is 80° for any diameter of shell. 

The flame Immediately after "leaving the furnace-tubes passes under the liottom of the boiler, 
and returns to the chimney along the side flues. This is not the course approved by Pole in his 
treatise on the Cornish Pumping Engine published in 4 Tredgold on the Steam Engine * in 1844, 
in whioh the setting of the Cornish boiler is spoken of as follows ; — “ The heated current first 
impinges on the top of the tube, over whioh the highest and therefore the hottest portion of the 
water is lying ; it then passes along the side flues, where it finds the surfaces oooler than before ; 
and last of all it traverses under the bottom of the boiler, where the coldest water will always be. 
By this means the fire current, as it gradually cools, is likewise gradually brought to act upon oooler 
water, and thereby the best opportunity is afforded for the extraction of the free caloric it oontains. 
.... The descending motion of the fire current, as it cools in the flues of the Cornish boiler, is 
upon statical principles much more natural, and more calculated to prevent the unnecessary discharge 
of heat into the chimney than the ascending principle of the ordinary boilers." Allowing the last 
h( at, however, to travel under the bottom of the shell does not promote the circulation of the water, 
or at all events but slowly ; so that in getting up steam the top of the boiler becomes hotter than the 
bottom, from which straining ensues. If, in addition to this, the feed water when cold is pumped in 
at, or near the bottom of the boiler, the straining at the transverse seams of rivets is intensified. 
Possibly the Lancashire boiler is more subject to straining and seam-rending at the bottom of the 
shell than the Cornish, as there is a greater body of dead water lying there in the Lancashire boiler, 
in addition to which tho rate of combustion on eaoh sq. ft. of firegrate, is much more rapid in the 
Lancashire district than that generally adopted in Cornwall. In consequence of seam rents 
ooourring at the bottom of Lancashire boilers when the last heat is carried underneath, the plan of 
passing the flame under the bottom immediately on leaving the furnace-tubes, and also of 
introducing the feed water near the surface, has become the general practise. Feed-water heaters, 
consisting of a number of water pipes placed in the main flue between tho boiler and the chimney, 
and kept free from soot by an automatic sor&per, are in general use. A good feed heater will 
raise the temperature of the water to about 240°. This economises the heat escaping to the 
chimney and thus reduces the ooal consumption, while at the same time it prevents looal cooling. 
It has been found by experiment that passing the flames from the furnace tubes around the outer 
shell, instead of direct to the chimney, adds but little to the yield of steam, though it promotes 
economy of fuel ; at the Bame time it keeps the boiler at a more equable temperature throughout. 

The flooring or hearth plates at the front of the boiler are set so as not to butt against the 
boiler, but so as to be entirely below it, as in Fig. 387, thus leaving the whole of the front end 
plate open to view. Where there iB a range of boilers, these flooring plates extend throughout the 
width of the boiler house ; being finished off with a fender-flange where abutting against the 
boundaiy walls of the building, as well as against the face of the brickwork setting. These plates 
are carried on a complete Bystem of framing, and are arranged for easy lifting. The hearth pit 
beneath them is open from one side of the boiler house to the other, and in this is laid the main 
feed-pipe, as woll as the discharge pipe from the blow-out and scum. This pit is about 3 ft. wide 
by 2| ft. deep, so as to afford room for access ; the flue doors open into it The face of the 
brickwork at the front of the boilers is set back 6 in., so as to leave the angle-iron with its circle of 
rivets perfectly open. The front cross wall beneath the boiler is recessed around the blow-out 
elbow -pipe, that it may be free to move Bhould settlement of the boiler take place. 

The boiler is oovered with an arch of brickwork, leaving a space of about 2 in. between it and 
the plutes, Fig. 388 ; and a layer of cork shavings, or a coating of other suitable non-conducting 
substanoe, is introduced into this spaco. Openings finished off with bull-nosed bricks are worked 
round the fittings, leaving the ring of rivets by which they are attached to the shell exposed to 
view. Sometimes the boiler is covered simply with a layer of composition, which should not be 
earned over the flanges of the fittings, as is too often the ease, but be stopped off by means of kerb 
hoops dropped arouud the flanges, and a kerb cast iron nosing to guard the front angle-iron. 

Each side flue may be made with an independent damper, or one damper may be made to 
serve by uniting the side flues behiud the down-take at the back. But when the boiler is very 
short compared with the length of grate and there iB a strong draught, it is not always advisable to 
expose the shell bottom to a very high temperature, by taking the gases along the bottom before 
passing through the side flues. 

Iu setting suoh a boiler as is that in Figs. 883 to 385, a foundation is first formed and oovered 
with one thickness of firebriok, forming the base of the bottom flue; on this are placed oast-iron 
supports for the boiler to rest upon, these being hollow and so formed as to be of the same outline as 
the flue, and so as not to interfere with its proper oleaning. The side walls of the bottom flue axe 
next commenced, and the boiler fixed on the oast-iron supports, after whioh the side flues are built 
up to the boiler. In all oases it is well to line the flues with 4$ in. of firebriok up to the base of 
the chimney. The bottom flue is made very large, in order that a workman may be enabled to get 
in to dean it After the briokwork has been oarried up to tile height of the side flue arches, the 
remaining part of the boiler is oovered with very fine ashes ; in many instances the ashes are made 
to oover the top of the boiler, to suoh a depth that only the lids of the stop valve and the safety 
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▼dve remain uncovered. This is so effective that the temperature of the top of the ashes has been 
found to be only 90°, when that of the boiler has been 270°. An advantage attending the use of 
ashes as a non-conducting material, is that they admit of ready removal for the purposes of 
inspection or repair. 

The Figs. 446 to 450 afford a good example of the arrangement of a boiler house, and refer to 
the building erected for boilers exhibited by English Anns at the Philadelphia Exhibition m 1876, 
the walls being of stone for a height of 5 ft , and above that of opeu homework filled in with 
gloss, with a timber roof covered with tin and crowned with louvre ventilators, tho side sashes 
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swinging on centres; this would, of course, be replaced by a roof of the usual material in a per 
manent structure. It is provided with a vault with inclined shoot, Figs 446, 448, extend- 
ing out under the railroad track, to facilitate putting in coal from drop-bottom cars Over the 
cod vault at the entrance door is a platform, level with the extenor surface of ground, extending into 
the building, and protected by an iron railing on tho sides. , 

The house covers an area of 36 ft by 73$ ft., measured to centre lines of walls; tho longitudinal 

dimension being at right angles to the main hall. .... 

At one end the space for a distance of 24$ ft, is sunk to a depth of 10 ft below tho ground 
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surface, and the remainder, where the boilers are to be placed, to a depth of 12 ft. 9 in , except at 
the rear of the building, where for a width of 9 ft. the depth is 15 ft. 10 in. The space in front 
of the boilers, inciudiug the portion for fuel, is covered with a broken stone concrete floor 6 in. in 
thickness. 



Tho building has one chimney, Fig. 449, which lias a stone foundation 15J ft. square, resting on 
two horizontal courses of timber 17 ft below the surface of the giound, the stone finish coi tmuing 
to the height of the Btonework of the walls of the buildiug, above which it is of brick to tho level 
of the eaves. On this is a wrought-iron chim- 
ney, 4 ft 8J in. in diameter and 56 ft. high, 
stayed with wire guys, the total height from 
bottom of flue to top of pipe being 92 ft. The 
dlroular brick flue of the base is lined, 9 in. in 
thickness, with firebrick. It is designed to con- 
tain three cylindrical boilers, each 28 ft. long - 
by 7 it. in diameter, with two furnaces, each 
2 ft. 9$ in. in diameter by 7 ft. 6 in. long. 

List of Book* on Boiler *. — Burgh (N. P.), 

* Practical Treatise on Boilers and Boiler 
Making,' 4to, 1873. Sexton (M. J.), ‘Pocket 
Book for Boiler Makers,' 32mo, 1875. ‘ Reports 
of the Admiralty Committee on the Deterioration of Boilers,' fol., 1876, 1877. ‘Proceedings of 
the Institution of Mechanical Engineers,' 1870 to 1877. ‘ Tiansactions of the Institution of Naval 
Architects,' 1877. Wilson (R.), ‘Treatise on Steam Boilers,' crown 8vo, 1879. ‘Engineer,' 1870 to 
1878. ‘Engineering,' 1870 to 1878. Poillon (L.), ‘Corns theorique et pratique de Chaudierea et 
do Machines h Vapeur,' 4to, 1877. 
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The application of brake-power has become of tho highest importance as affecting the working 
of railways and the safety of the travelling public. The subject has by no means received the 
attention it not only deserves but demands. That so many lives should be risked, and so high a 
percentage lost on most of our railways, is mainly due to the neglect of utilizing an efficient system 
of brakes, and it is essentially necessary that those systems should find extended practical application, 
in order that their merits and demerits may be fully known. The only brake-power foimerly 
employed consisted of hand scrcw-brakes upon tl e tender and the guards* vans, but the retarding 
force produced is so small in proportion to the momentum of the train, that it is not sufficient to 
arrest the progress of the tiain m time of danger. It has become necessary to provide, by the use 
of continuous brakes, the means of arresting trains in short distances. A continuous brake is one 
by which brake blocks arc applied to all, or nearly all, the wheels of the train, and it is the means 
employed for putting the requisite pressure upon the blocks, that constitute the chief distinctions 
in the various systems. 

There are two different methods of applying brake-power ; — 

The simple or direct-acting method, including all brakes in which the power is treated at the 
time of putting the brakes into operation. The efficiency of this class of brakes depends entirely 
upon the good working order of the mechanism employed. 

The automatic method, including all brakes in which the power is maintained in readiness to 
be Applied as wanted. 

The screw brake has been illustrated at p. 585 of this Dictionary, and consists of a shaft 
extending from one carriage to another, the revolutions of which screw up the brakes upon 
the carriages to which it is applied. The shaft is worked by means of hand gearing in the bruke 
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wmu It may bo considered as an extension of the old hand system, by converting the carriages 
into so many brake vans. It is evident that, to enable the guard to exert his power effectively 
throughout a train of say 200 tons weight, a considerable amount of gearing would be required to 
multiply the power, to the extent sufficient for forcing the blocks against the wheels. This gain of 
power can be effected only at the expense of time, the most important element in danger. 

The ohain brake, represented at p. 585 of this Dictionary, consists of a chain running 
underneath the carriages, one end of which is secured to the end of the furthest carriage upon 
which it is required to exert its influence, and the other to a revolving shaft on the brake van. 
This shaft carries a friction drum, which being nut into motion winds up the chain, raises the 
levers on each carriage, and applies the brakes. On the axle of the brake van is also a friction 
drmn, and to apply the brakes the two drums are brought into contact, which causes the chain 
to be wound up on the shaft, and the brakes to be applied, This brake iB capable of very quick 
application. In application it has been customary to extend the chain only to a oertain number of 
carriages at each end of the train, and to place these carriages under the separate control of 
the front and rear guards. The ohain brake can be applied by the driver, and made to act 
automatically on the two different portions of the train, by means of a cord communication. Upon 
the train accidentally separating, the oord would be put into tension, and the drums brought into 
oontaot ; but should the division occur between any of the carriages connected by the chain, the 
brakes on that portion would not be applied. If tho chain wero extended the whole length of the 
train, the brakes could not act automatically in the event of the train separating, although 
the levers would be released by the breaking of tho cord, because the chain would become loose, 
and the friction pulleys would havo nothing to tighten against. In tho application of this 
principle it therefore appears necessary to divide the truiu into portions, so that the whole power 
may not be lost by accidental breaking of the ohain. 

Another form of chain brake is constructed on the principle of keeping tho chain constantly 
under tension, and levers or springs are employed to apply tho brakes. The brakes are applied by 
relaxing the chain, and automatic action is obtuined by the breaking of tho chain in any part of 
its length. This method requires some means of winding up tho chain und keeping it in tension, 
and this has bi en done by means of a winding-up apparatus in the brake vans. It would be 
difficult to apply such an apparatus on each carriago, so as to be conveniently worked when the 
brake van was not available, and at the same time to provide for the free control of the chain from 
the vans, when the train was complete. . 

The simple vacuum brake, os described by R. D. Sanders in a valuable paper road before tho 
Institution of Mechanical Engineers, 1878, Figs. 451, 452, consists of a continuous pipe extending 
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the length of the train, and connected to collapsing cylinders on each carriage. The heads of 
the collapsing cylinders are attached to the brake gearing, so that when the air is withdrawn and 
the pressure of the external air causes them to collapse, the levers are acted upon with a power 
proportionally to the areas of the cylinder heads and to the degree of vacuum. Tho end of tho 
continuous pipe on the engine is connected to an ejector, which is supplied with steam from the 
locomotive boiler; and the end of the pipe at the rear of the train is closed. When the steam is 
turned into the ejector, the air is drawn out of the continuous pipe, and also out of the collapsing 
cylinders, and the brakes applied with a power proportional to the vacuum created within tho 
collapsing cylinders. In order to release the brakes, the ejector is shut off and air admitted into 
the continuous pipe, the collapsing cylinders are relieved of the atmospheric pressure, and rendered 
inoperative. 

The efficiency of this brake depends upon the power of the ejector ; and it can bo put under 
the control of the guards as well as of the driver by a cord. This cord communication can be 
used safely only when the train is intact. In the event of an accidental separation, this would be 
a source of danger ; for the steam cock would be opened by the breaking of the cord, the front 
portion of the train arrested by the partial application of the brakes, and the rear portion 
retaining its momentum would run into the fore part. 

As the power-producing apparatus is on the engine, in any separation of tho train the brake 
cannot act automatically, witnout some other exhausting apparatus in the brake vans or on the 
carriages. This has been supplied by means of exhausting pumps worked from the axles, which, 
being put into gear by the breaking of the cord or otherwise, withdraw the air from the continuous 
pipe and so apply the brakes, requiring, however, each pipe-coupling between the carriages to ha 
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provided with sdfrelosSng valves, other* rim the neo&mry vacuum could not bo crested by the 
exhausting pumps* The automatic action of this brake depends upon the perfect closing of these 
valves, Cud upon the efficient working of the pumps, which at 60 miles an hour would make no 
less than 440 double strokes a minute with 8 ft 6 in. wheels; and it may be doubted whether 
the valves and pumps could always be kept in perfect working order, so as to be depended upon 
with that certainty which is required for an efficient continuous brake. The rapidity of appli- 
cation depends upon the power of the ejector; but uuder most favourable circumstances, a certain 
time must elapse in abstracting the air from the pipe and cylinders. The brakes are less 
effective when the speed is great than when the speed of the train has diminished. This is 
obviously the reverse of what it should be. In order that the brakes may be applied at all, it is 
nooessary for the continuous pipe to be at all times air-tight. If a pipe-coupling is dibconnected, 
the biakes can be applied with a force due only to the fiiction of the steam from the ejector against 
the air passing through the length of pipe which remains unbroken, so that, if a leakage should 
tuke place in the front part of the train, the brakes would be useless. 

In the application of continuous brakes, the question arises whether the power should be plaoed 
in the bands of the driver or of the guards, or ot both ; and it lias to be decided whether a brake 
should be automatic in its action. The driver, from his position on the engine, is constantly on the 
look-out ahead. He therefore is the first to bo aware of any obstruction on the line, and is in the 
most favourable position for applying the brakes in time of danger. This Bliould be done 
simultaneously with shutting off steam, so as to save every available instant of time. If the 
application of the brakes is entrusted to the guards, much valuable time is lost by the driver 
having to call attention by means of a cord communication or whistle. 

Much time is saved by the driver having full control of the retarding power, as well as of the 
motive power, instead of relying upon the guards acting in concert with him, in which theie is 
necessarily much uncertainty, their attention being often taken up by other duties. Circumstances 
may aiise which require immediate action on the part of the guaids, independently of the driver, 
such as an axle breaking, a carriage leaving the rails, or a signal from a passenger, and the 
guards should have the means of applying the whole of the brake-power whenever necessary ; but 
the general working of the brakes should bo entrusted to the driver. The conditions necessaiy to a 
good system of brakes are; — Complete control throughout the train by the driver , control in time 
of danger by either of the guards ; automatic action in the event of an accidental separation of 
tho train ; the brakes to be their own tell-tale in the event of any derangement of the apparatus. 

These four conditions are not completely fulfilled in cither of the Drakes described, but are 
more nearly met by the following constructions. 

The hydraulic brake, Figs. 453 and 454, consists of a continuous pipe throughout the tiain, 
connected to a cylinder and piston operating in each carriage upon the brake-blocks. Upon the 
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engine is a steam pump A, which forces the water into an accumulator 8. The accumulator con- 
sists of two cylinders and pistons, the area of one boing double that of the other. The continuous- 
pipe and steam pump are connected to the smaller cylinder, and steam is admitted from the boiler 
to the larger one. The duty of the pump is to force the water into the accumulator, with a 
pressure of twioe that of the steam in the boiler, which is acting upon the larger piston. The 
pressure may of course be increased to any amount by adjusting the relative proportions of the two 
pistons in the aocumulator and the two in the steam pump. The pressure is communicated to the 
continuous pipe 0, and so to the cylinders and pistons D on the carriages, by which the brakes are 
applied. 

This hydraulic brake can be applied or released by the driver. To make the brake act 
automatically, powerful springs S have been introduced on each oarriage, which are put into com- 
pression by means of separate cylinders and pistons £, connected with the accumulator B by a 
separate pipe F, so as to be always under pressure. These springs act as accumulators ; and if by 
a separation of the train the pipe F is broken, they react upon the water in their cylinders E, so 
as to foroe it Into the brake cylinders D ~ . 


„ Self-closing valves are of course 

required for the pipe 0, as in the vacuum brake. There is no cord communication, and the brake 
is its own tell-tale. It is neoessary to provide against the effect of frost; and this is done by using 


a solution of salt and water, or of water and glycerine, both of which mixtures freeze at very low 
temperatures, A small tank ff containing the solution is plaoed on the tender, from which the 
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steam pomp takes suction. This tank supply provides for the loss arising from leakage, and 
from the disconnection of the oonplinga between the carriages, when the train is broken np. 

In the application of compressed air a {peat many forms of brakes havo been suggested, all of 
which consist essentially of an air-compressing pump, worked from one of the axles of the train, or 
by steam from the looomotive boiler, a reservoir, a continuous pipe, and cylinders and pistonB on the 
carriages, by which pressure is brought upon the brake blocks, when the cylinders are put into 
communication with the reservoir through the continuous pipe. As none of these forms fulfil the 
neceasaly conditions, it is useless to enter into a detailed description. 

In the automatic compreBsed-air brake, Figs. 455 to 458, a donkey pump A is kopt con- 
tinually at work by steam from the locomotive, iu order to maintain a constant compressed-air 



pressure of 60 to 70 lb. on the sq. in. in the continuous pipo C and the reservoirs B, one of which 
is placed upon each carriage. In connection with the reservoir B is a cylinder and piston D, 
by which tho brakes are applied. Between the reservoir and tho oyliuder is a regulator E, to 
regulate the flow of compressed air from the reservoir to the cylinder, when the brakoB are 
applied, and to release tho compressed air from the cylinder when the brakes are taken off, and, at 
the same time, to admit a further supply of compressed air to the reservoir for tho purpose of 
recharging it. 

The pressure is admitted to act on both ’sides of the elastic diaphragm or piston E, and 
this operates upon an arrangement of valves, which, for tho sake of simplicity, is represented by a 
cock F. 

So long as the normal pressure in the continuous pipe 0 is maintained, equal pressures aro also 
maintained on both sides of the diaphragm E, and it is therefore inoperative, as in Fig. 457 ; but 
when the pressure in the pipe 0 is reduced for the purpose of applying the brakes, a similar 

457 . 458 . 



reduction of pressure takes place on the under side of the diaphragm, which is then forced down- 
wards by the pressure of the air confined on the npper side, Fig. 458, This motion, operating upon 
the cock F, establishes a communication between the reservoir B and the cylinder D, and the 
brakes are applied. Upon restoration of the normal pressure the diaphragm is again put into 
equilibrium, and by its motion upwards, it operates upon the cock in such a manner as to shut off 
the connection between the reservoir and the cylinder, and to open a passage for the free oxit of the 
compressed air in the cylinder, this air being then driven out into the atmosphere by the action of 
a spring beneath the pistoo, which is employed to take the brakes off. The valves, G and H, are 
for the purpose of retaining the pressure on the upper side of the diaphragm E, and in the 
reservoir B, at the time when the pressure in the continuous pipe is reduced, for the purpose of 
applying the brakes. I n order to apply the brakes, it is only necessary to reduce the normal 
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pressure in the continuous pipe, sufficiently for destroying the equilibrium of the diaphragm, and 
this can be done at any part of the train, by opening a cook, or by the accidental separation of the 
train or of the couplings between the carriages. This application of compressed air is therefore 
automatic, and it fulfils all necessary conditions. 

The efficiency of this principle appears to depend upon the pump maintaining a oonstant 
pressure in the continuous pipe, and on both sides of the diaphragm ; for should any reduction of 
pressure, however sma l l , take place from the imperfect working of the pump, or from leakage in the 
pipe, the equilibrium of the diaphragm would be destroyed, and the brakes would be applied at a 
time when perhaps it was not intended ; and after they were applied, unless the pump were 
capable of restoring the normal pressure, a difficulty might arise m taking them off except by 
releasing the air by other means from the cylinder on each carriage. It also appears that by this 
arrangement there is no means of regulating the power of the brakes. 

Compressed air lias a tendency to escape in au directions and to blow the couplings apart ; the 
perfect working of this principle appears therefore to depend upon the perfection of the workman* 
ship. 

Compressed air has also been applied automatically, by means of a reservoir and a cylinder and 
piston on each carnage, the pressure being maintained on both sides of the piston. This arrange- 
ment is shown in Fig. 459. As the area of the under side of the piston is diminished by the rod, 
there is an exoess of total pressure on the top side, which keeps the piBton at the bottom of the 
cylinder, so long as the pressure is maintained on both sides of it. In the air-reseivoir B is a 
retaining valve H, which closes towards the continuous pipe 0. The brake is applied by decreasing 
the pressure in the continuous pipe, leaving the piston free to be moved upwards, by the expansion 
of the compressed air underneath it, from the air-reservoir B. The power of the brake depends 
upon the quantity of oompressed air allowed to escape fiom the continuous pipe, to reduce the 
pressure on the top side of the piston ; and the j>ower can therefore be regulated as required. This 
brake is its own tell-tale ; and all the lour conditions are fulfilled. 




In the automatic vacuum brake, as d( signed by R. D. Sanders, Figs. 460 to 467, a vacuum is 
created in tho continuous pipe C by means of an ejector on the engine, and is subsequently main- 
tained by an exhausting pump A, worked from a reciprocating part of the engine. Tne function of 
this pump is not to create the necessary power, but to maintain it, by withdrawing tlio air which 




must, tiirongh leakage, find its way into the pipe. On each carriage are two drama B and D 
with flexible heads, of different areas, Figs. 466 and 467, which bemg connected with the oon- 
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Whan a vacuum is created in the continuous pipe, the air is simultaneously withdrawn from 
both drums, but the pressure of the atmosphere Acting upon the head of the larger or pull-off 
drum, overbalances that upon the head of the smaller or pull-on drum. As they are oonneoted 
to the opposite ends of the Bame lever, the arms of whioh are of equal length, the difference of 
power between the larger drum and the smaller, is constantly employed in keeping the brakes 
out of notion. In order to apply the brakes, it is necessary to destroy the vaouum in the larger 
drum, whioh is done by admitting air into the oontinuous pipe, either by means of a ban l valve 



on the engine, or in the guards’ vans, Fig. 461, or by un accidental disconnection of the couplings 
between the carriages. The admission of air into the continuous pipe does not, however, destroy 
the vacuum in the smiller or pull-on drum, on account of its btdng sealed by the Bolf-closing nir- 
valve E. This valve ean bo opened by h<tnd by an external lover F, Fig 40*0, for admitting air into 
the pull-on drum if necessary, so as to release the brakes when shunting a carnage off. The 
coupling of the connecting pipe between the carriages is shown in Figs. 4G2 and 463. 



The action of the two drums is as follows. The effective power of the larger or pull-off drum 
is 380 sq. in. x 10 lb. vacuum = 3800 lb., whilst that of the smaller or pull-on drum is 314 sq. in. 
X 10 lb. = 3140 lb. There is therefore with a 10 lb vacuum an excess of power equal to 660 lb. 
in each pull off drum, acting to keep the brakes out of action. When the normal vacuum in the 
continuous pipe is reduced say 17 J per cent , the two drums are in equilibrium; but this diminu- 
tion of pressure does not apply the brakes, because the larger drum is still pulling with equal 
power against the smaller. The brakes can only be put on by still further reducing the vacuum 
in the larger drum ; and in proportion to such reduction the pull-on drum is permitted to apply 
them. Only the total destruction of the vacuum in the pull-off drum allows the other drum to 
applv the brake blocks with full effect 

By this arrangement of opposing powers, the efficiency of the brake does not depend upon the 
normal vacuum being kept up constantly to the full amount, but it may be reduced V7\ per cent, 
without affecting the brakes ; and the power of the brakes can be regulated, by the quantity of air 
admitted into the oontinuous pipe in any part of its length. The brake is its own tell-tale, and its 
power is always registered in front of the driver by means of a vacuum gauge. As the external 

S ressure of the atmosphere always presses upon the outside of the pipes and apparatus, there is no 
anger of the couplings being blown apart On the contrary, they arc firmly held together by the 
external pressure upon them ; and for this reason there is in this system a tendency to reduce 
rather than aggravate imperfections of workmanship. 

In the discussion upon Sanders’ paper, A Barclay pointed out that the maximum power 
which could be applied to any brake could not do more than skid the wheels; so that, what- 
ever pressure in the apparatus, as coon as that result was obtained and the wheels stopped 
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revolving, the brake had done all it oonlcL In the vacuum brake, however far the vacuum was 
from being complete, it was only necessary soHo increase the area of the vacuum chamber as to 
get the desired effect. Sanders’ crake was automatic in this sense, that if the connection between 
the carriages were broken, the brake would be put on. Screw brakes were originally applied on 
lines having very steep inclines. Afterwards, in the case of the Metropolitan lines, it was found 
that the traffic could not pass over the lines fast enough, unless some continuous brake was 
employed for enabling the trains to pull up quickly at the stations. When the brake was so 
employed and the truffle thus got over the line faster, the idea was started of applying the same 
brake on fast through trains, to prevent collisions. 

J. Tomlinson remarked that the Metropolitan Hallway had adopted the continuous brake from a 
commercial point of view. They bad previously used band brakes at both ends of the train, and the 
result had been that the wheels had to be taken ont of the carriages about every eight or ten weeks 
to be turned up. The vacuum brake was introduced by putting a brake upon four wheels of every 
coach, or half the wheels, and the result had been that the amount cut off in the turnings 
of carriage wheels was exactly half what it had been previously, for the same number of tram 
miles. Therefore be had no hesitation in saying that the continuous brake properly applied on a 
railway effected a very great saving commercially, and that in other directions besides the turning 
of the wheels. 

W. B. Wright said the automatic principle was very valuable, inasmuch as sometimes from 
negligence on the part of a porter a coupling might not be securely coupled up, and a driver relying 
on the brake might, perhaps, run into a terminus against the butters at the end, or might overshoot 
a through station. He had known two cases of that kind with a continuous brake in which the 
automatic principle was not in use. In one case there was a defect in the coupling between the 
tender and the next vehicle, and in the other by the negiigenoe of a porter the coupling had come 
undone. Both cases resulted in overshooting the station. 

0. Hawksley, referring to what had been stated about there being no possibility of doing anything 
beyond merely skidding the wheels, said it had been pointed out to him some years ago by W. Bouch 
of Shildon, that brakes were the most effective when the wheels were not completely skidded, but 
allowed to revolve at a very slow rate. That had reference more especially to working on an incline, 
where for 5 miles of line there was a gradient of about 1 in 50. Bouch had explained it in this way, 
that, when the wheels were completely skidded, they became very much heated at one point, and 
rubbed flat and bright, and then there was not so much adhesion to the rail as when they were 
allowed to revolve very slowly. This could not, of course, apply to oases where the train had been 
pulled up very rapidly, and where there might not be time for the same heating action to take place 
as when running down a long incline, as when a heavy mineral tram was running down the incliue 
mentioned of 5 miles in length. 

G. Westinghouse, jun., said he had found in various experiments that every time the leverage 
or the pressure was increased, and a greater force brought against the wheels, tetter results were 
obtained. In some oases an air pressure of 100 or 101 lb. on the sq. in. had been used. On the North 
British Railway 101 lb. pressure was sufficient to cause the piston to move through the whole dis- 
tance of 12 in., and to bring a maximum pressure on the brake piston itself of about 80 lb. on the sq. 
in., or 4000 lb. total pressure moving through a distance of 1 ft. In that case there was one block 
only against eaoh wheel ; but experience had shown that, to do the very best braking, double blocks 
on each wheel were required, ana that a foroe should be brought against the wheels equal to at least 
2} times the weight of the wheel on the rail. In many of the competitive experiments it had been 
1} and 1} times. But the most important point was the stoiing of the power under the carriage. 
The Westinghouse automatic system had been first introduced Ufion 150 railways, but the railway 
authorities complained of the difficulty arising from couplings ooming apart, and from the train some- 
times overrunning the station through inability to apply the brake, and that, as the brake was not 
a tell tale, it was liable to produce accidents or become useless. Attention was then given to the 
storing of power under each carriage. One plan was similar to Fig. 459, known as Steele’s brake. 
Experiments, with apparatus substantially the same as the Steele brake, had shown considerable 
difficulty in applying the brake. For storing power in that case, there was about 800 cub in. of 
space a carriage, filled with air at about 60 lb. or 80 lb. pressure on the sq. in., or say 4000 cub. in. 
of air at atmospheric pressure a carriage. This pressure had to be entirely taken off before the 
brakes were fully applied, and the 4000 cub. in. of air a carriage, with a train of ten carriages, 
passing through a small pipe, took a considerable time to escape. It was necessary to bring the 
power of the reservoir into action by means of a very Bmall movement of air ; and this resulted 
in the use of what was called the triple valve. This valve had three motions. It governed the 
flow of air from the brake pipe to a small reservoir under each carriage, from this reservoir to 
the brake cylinder, and from the brake cylinder to the atmosphere. In charging the reservoirs 
under the carriages, the air was oonveyed through the brake pipe, and stored at a pressure amount* 
ing in express trains to from 80 to 90 lb., and sometimes more. The brake was applied by making 
a slight reduction of pressure in the pipe alone, say 15 lb. reduction. The triple valves were then 
opened, so as to make communications from the reservoirs to the brake cylinders ; and the air in 
the reservoirs acting on the pistons, applied the brakes. Thirty cub. in. of compressed air removed 
from the brake pipe for each carriage was enough to cause the brakes to be rally applied, or say 
800 cub. in. on a train of ten carriages. Smith’s vacuum brake was operated by withdrawing the 
air ; and about the same quantity at air had to be removed in order to apply that brake, as was 
allowed to flow-in in order to apply Sanders’ brake. What had been gained therefore in the 
Westinghouse automatic brake, was altogether owing to its quickness of application. The brake 
could be brought into full play within 1} second. With regard to the automatio action, the action 
of the brake could be eerily graduated. The pressure in the pipe of 70 lb. on the sq. in. was not all 
applied to the brakes. If that pressure were reduced by 151b., the brake was put rail on; if it were 
reduced by 8 or 4 lb. only, it let an equivalent proportion of air from the reservoir into the cylinder. 
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The Uommfttee or the FranJUm institute, to whom was referred for examination the Westing- 
house air-brake, have made a report upon this system. In its original and simplest form this 
brake consisted of a small steam engine placed on the locomotive, which, taking steam from the 
boiler, operated an air-pump, which compressed air into a main reservoir. By a line of pipe 
beneath the carriages, the compressed air was admitted at the pleasure of the engineer, who 
controlled its flow, by a three-wav oock, to a series of brako cylinders, one under each carriage, 
the pistons of which acted upon the ordinary brake levers, and applied the brakes to the wheels. 
By reversing the three-way oock, the air was allowed to escape from the cylinders, and the brakes 
were off. As it required an appreciable length of time, especially in long trains, for the air, even 
under considerable pressure, to travel from the main reservoir to the brake cylinders, Westing- 
house devised means by which the compressed air can be admitted almost instantaneously into the 
brake cylinders. The brakes oan be applied from any part of the train. The brakes will be 
at once applied automatically in each car, should an axle break, or a carriage or the engine leave 
the track, or should the train be broken. An auxiliary reservoir for compressed air is placed on 
each car, close to the air-cylinder. These auxiliary reservoirs are connected with the main 
reservoir by a pipe, without coupling valves, so that the same fluid pressure will bo preserved in 
them as in the main reservoir. But the compressed air, before entering the auxiliary reservoirs, 
passes in each case through a valve-box containing a triple valve, and from which valve-box, one 
port leads to the auxiliary reservoir, one to the brake cylinder, and a third to the open air. This 
triple valve is of such construction with reference to the ports that, so long as the air pressure is 
kept up in the air-pipe, the auxiliary reservoirs will be kept charged at the same pressure, and at 
the same time the ports intermediate between the brake cylinder and the external air, will be open ; 
then, of course, the brakes will be off. and the train will be in running order. But on the 
pressure in the air-pipe being reduced, the ports between the air-charging pipe and each auxiliary 
reservoir will bo automatically closed, as also the ports between the brake cylinders and the 
external air; and at the same time, the ports will be opened between each auxiliary reservoir and 
its corresponding brake cyliuder. By restoring the air pressure in the charging pipe, and 
connection witli the main reservoir, tho jwsition of the triple valve is shifted, so as to close com- 
munication between the auxiliary reservoirs and brake cylinders, and open communication from 
tho latter to the external atmosphere. This operation is as quick in action as the other, and the 
brakes being released the train is again in running order. 

The valve-box or case B, Fig. 408, is made in two or more parts. Tho air-charging pipe from 
the main reservoir is attached to the port V, which leads into the air-chnmbcr G. From 
the opposite ohamber U, the port W leads by a suitable pipe connection to tho auxiliary reservoir 



and a like pipe leads from the port H to the brake cylinder. The valve stem g has a limited 
motion longitudinally in the chambers G U. At one end it carries the valve a, which seats on 
the annular Y-shaped seat x by packing on its lower face, so as when seated, to close the port y. 
A series of wings arranged on this end of the stem g, act as guides in properly seating the valve a. 
A spring *, arranged on tho other end of the stem g, bearing against the cap of the valve case 
and against the back face of the valve seat 6, holds the valve a to its seat when not raised by air 
pressure. The air-chambers G U are separated by a flexible diaphragm n, of sheet metal, the 
outer edge of which is compressed between the adjacent faces of the two parts of the valve-box, 
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with elastic packing rings of indiarubber. From these annular packing surfaces, the parts of the 
case are so shaped inwardly as to give two annular flanges 1), the distance between which gradually 
increases towards their inner edges, but the slope of each is such, that so much of the diaphragm n 
as comes between them, shall rest on one or the other at the end of each stroke of the stem g. The 
sloping surfaces of these flanges D constitute seats or rests to support the diaphragm after it has 
done its work, and prevent its breaking. 

The diaphragm n has an eye at the centre through which passes the stem g, and the annular 
edge of this eye is clamped between two rings, which form parts of tho compound piston c. The 
compound piston c is free to move on the stem q longitudinally, and its face is provided with 
packing, so as to make a tight joint when seated against the annular ring of the valve seat b. 
Commencing at a point a short distance fiom the upper valve scat 6, the stem g is turned smaller, 
and is also slotted. This reduction in the size of the stem q gives an annular air-port e, by which 
communication is secured between the two chambers, Q U. The compound piston c, has an 
extension d, around the stem r/, by means of which, in moving each way on the stem g, it alter- 
nately covers and uncovers the port c, and thereby closes and opens communication between the 
two chambers G U. The annular port e communicates with the valve chamber U by means of 
ports /. Across tho slot in the slem g % a cross-bar s is arranged, with its ends fixed in position in 
the adjacent walls of the nut c. From this slotted pait a pin t extends through the stem#, till it butts 
against the stem v of the third valve. 

The extension of tho valve-box or case contains this valvo to, which seats against a valve- 
seat, so as to close an annular port u. By this port and the passages w, communication is effected 
through tho valve to being unseated, between the brake cylinder by the poit H, and the external 
atmosphere by the ports k, for the purpose of allowing the compressed air to escape from the brake 
cylinder when the brakes are to be relonsed. Tho valve to is seated and unseated by tho action of 
the spring A, and tho pin t acting on the stem o, as presently to bo explained. To provide for an 
equilibrium of air pressure on both sides of the valve to , holes r are bored through it and its stem. 
The operation is as follows; — If air under pressure is admitted by tho port V, it will by the 
pressure it exerts on the flexible diaphragm n, cause the piston c to be shifted on the stem g , until 
it occupies about the position shown. The cross-bar « will then have opened the valve to, and the 
valve a will be closed by means of the spring z ; also the annular port e will bo opened. In 
such case, the air will pass from the chamber G, along the ports e f into the chamber U, and out 
of the port W to tho auxiliary roseivoir. The auxiliary reservoir will then be charged with 
compresstd air, of such density as it may be desiied to store up for tho purpose of operating tho 
brukes. At the same time, the valvo to is unseated, and a direct communication opened from tho 
brake cylinder, through the port H, and tho ports A, with tho external atmosphoie. The brakes 
are then off. As soon os the pressure on the opposite side of the diaphragm w, is equal or nearly 
so, the spring h in the lower part of tho case, acting against tho valve to and thiough the stem 
r, pin t t and cross-bar o, will cause the piston c to slide upward on the Btein g , and cut off com- 
munication through the annular passage e , and will seat tho valve to so as to cut off the escape 
of air from tho brako cylinder through the escape ports k. Then, if tho pressuro oxeited m the 
chamber G on the diaphragm n bo reduced, by allowing a portion of tho air to escape from tho 
charging pipe, the pressure acting back through tho port W on the opposito side of the diaphragm 
n, lull raise the piston c against tho valve seat 6, compress the spring z, and by moving the stem g 
in the same direction, will lift tho valve a from its soat x, and open communication from tho 
chamber U, through the port y, witli the port H. The compressed air will tin n be free* to pass 
from the auxiliary reservoir, through tho ports W, y, and H, to tho brake cylinder, so as to apply 
tho brakes. The area of the opening through the port y, is rqgulated by the distance which the 
plug o is caused to movo outwardly fiom the port. Hence, if the pressure be reduced but slightly 
at V, the plug o will be raised but a short distance, and a small amount of air will be allowed 
to pass tnrough and out at the port H. When the equilibrium is restored in the chambers 
G U, tho valve a will resume its seat and close communication. If tho pressure in the chamber 
G be materially increased, the valve to will be unseated, as already described, and an open 
communication bo made from the broke cylinder thiough the port H and A, to the external 
atmosphere. By tho use of tho tuner plug o, and by regulating, as can easily bo done by cocks, 
the amount of pressure in the chambers G IT, it is easy to regulate the amount or density of the air 
which is permitted to flow through tho ports y into the brake cylinder, and consequently easy to 
legulato and adjust, at all times, tho force with which the brakes are applied. This force may 
be varied from the maximum powor of the brakes, down to the fractional part of a pound in excess 
of ordinary atmospheric pressure. 

When a car is dotachtd from a train, tho charging pipe should be closed at each end before the 
car is detached, to prevent the brakes being applied by the reduction of the pressure. In this case, 
if, as will some times happen, the air leaks slightly from the charging pipe, tho valve a will bo 
raised slightly fiom its scat, and the air will pass slowly from the reservoir by the jiort W, 
through the port y, and by the port H to the brako cylinder, and set the brakes. To prevent this, 
a relief valve is arranged on the pipe from H. This valve consists of a cylindrical box R, haviug 
a eap 8 with a small port p bored, and faced with rubber packing p. In the ehamber of the case 
R is a valve T working loosely, and having on its upper 'end a seat of suitable form, so that when 
forced up by the ordinary pressure in woiking the brakes, it will seat against the packing and 
effectually close the port p. But when the pressure is only such as may result from leakage, such 
pressure will pass out through tho lower port, and tilting the valve T off its lower seat, will pass 
by it without seating it upward. The amount of pressure which may in this manner be allowed to 
esoupe without the application of the brakes, may be varied at pleasure by varying the size and 
weight of the valve T. 

For greater convenience and facility in opening and closing the valve case B, a fastening has 
been devised. One part of the ease fits on to the other part like a cap, and is .held in place by eye- 
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bolfa m, which fit into a recess, or between lugs. These eye-bolts are held in place ftt one end by 
pins, which pass through the eye ends of tho bolts and through lugs on the one part of the case. 
These bolts are threaded at the opposite -ends, and secured so as to hold the two parts of the valve 
case together by sciew-nuts. The threaded ends of the bolts project a Bhort distance beyond the 
outer faces of tho nuts, when the latter are screwed down tight, and such projecting ends are 
riveted or u sot slightly, so that while leaving room for the nuts to be unhorewed, sufficiently for 
the bolts m to swing outwardly from tho recesses iu the cap B, turning for that purpose liko hinges 
on tho pin , they cannot be screwed otf entirely so as to be lost, but will always be in place 
for use. 

Each auxiliary reservoir has about four times the capacity of the corresponding brake cylinder. 
The chaiging pipe, which is of three-quarter inch gas pipe, extends from tlie main losorvoir under 
tlie whole train, and is piovided with a three-way cock on tho engino, by which the entire 
apparatus for ordinary braking purposes is placed under tho control of the engineer. This pipe 
is, between the cars, provided with flexible sections, on tho outer side of which aro couplings, 
counterparts ot each otlur. Those couplings have no valves f«>r returning tho oompressod air 
when uncoupled, but a cock is mseited m the 4 pipe, at the ends of each ear, for closing tho pipo at 
the rear end of the train, and also at each end of a car, when such car is detached from a train. 

Tho advantage of an install I anoous apj li cal ion of tho brakes at tho will of the engineer is 
obvious. In tho systtm before in use, the pi ensure has to be transmitted back through the train. 
In the improvement described, the requisite pnssuie is kept up throughout tho train, ieady to bo 
put into operation. In tho foimer case, 1200 cub in. ot compressed air at 35 lb. prosMiro on tho 
square inch for each car, or 2800 cub. in. at atinosphei ie pleasure, have to bo transmitted back fiom 
car to car to apply tho brakes cfteotuully. In tho latler case, a ri duetion of 15 lb. in the pressure 
of the air in the pipe, equivalent to the pressure of one atmosphere, is all that is necessary to < fleet 
the same leMilt. This reduction of pressure is equivalent to tho transmitt il of 300 cub. in. of 
air for each car at atmospheric pressure. The saving of time in applying tho biakos will then be, 
Uppioximately, in the pioportion ot the quantity of air transmittal, or ns 2800 is to 300, 

Tins relative pioportion is affected only by the faction of tho air in passing through tho pipes, 
and this dement is compaiatively inappreciable as affecting the lcsult. By ananging tho 
auxiliary reservoir and the brake cylinder of each car in dose pioximity with each otlnr, tho tlmo 
required tor the air to pass will bo so small ns to lie unimportant. Irom tho consti notion of tho 
apparatus, its durability is limited only by the number of tnnos that the valves will bear tho 
opt ration m the application and it lease of the brakes. All the inateiul being of metal, will not bo 
appreciably affected by age. 

To Ust tin numbei of operations that would be requiiod to destroy the apparatus or any broak- 
alle pait, this tuple-vulvo device was aruuiged in connection with a charging pipe and brake 
cylinders, as in a train, while a three-way cock on tho pipe was operated by machinery, as m 
ordinary use for braking purposes. Aftei tho reservoirs were charged with compressed uir ftt 
oidinaiy working pr< ssuie, the machinery which opened and closed tho thrio-way cock was set iu 
motion, and the triplo-vahe began its woik. After 303,000 stiokes in opening and closing tho 
ports, which was equivalent to npplying 
and releasing the brakes that numlier of 
times, it was still found in perfect work- 
ing order, so far as could be aseei tamed 
from its operation. Upon examination 
it was found that the diaphragm n, 
showed signs of cracking at a point 
between the rubber packing rings. Tho 
other purts of tho triple-valve made 
400,000 strokes without any indication 
of failure. These expeiiments have been 
continued at great length, and in no case 
has the triple-valve failed to peiforin its 
work promptly and effectively. In these 
tests, the piston of the brake cylinder 
received a full and complete stroke, so 
that the shock, and, of course, the strain 
on tho triple-valve, is more severe than 
in ordinary train use. 

An improve ment lntheWestinghonse 
system is for the driving wheels of loco- 
inotivos, Fig. 409. B are the oidirmry 
driving wheels, and C indicates portions 
of the framework of the locomotive. The 
brakes proper d, are recessed on their 
rear facts and are pivoted to the hangers, 
below and a little forward of their centrts of giuvity, so as naturally and by their own weight to 
sw ing clear ot the wheels. To these brake-shoes aie pivoted the eccontric-facod segment levers e , in 
such position that their curved faces work against <*ach other, or against a block placed between them. 
At any desired points in the direction of the length of their curved faces, preferably near the lower 
ends, the connecting rods c art* pivoted, which at their upper ends are jointed to the lower end of 
the piston stem. The segment levers e are somewhat eccentiic, their working fatx s at the lower 
ends being somewhat further from their centres of motion than at tlieir upper ends. 

This apparatus, together with the brake cylinder 6, is duplicated on tho opposite side of tho 
locomotive. The compressed air is admithd by a pipe from the main reservoir, with nn interposed 
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three-way cook beneath the piston in the brake cylinder* &, and by the upward thrust imparted to 
the piston-stem c, shifts the segment levers e, so as, acting on the principle -of the toggle joint, to 
apply the brakes effectually to the wheels* By this construction, in fact, the ordinary advantages 
of the toggle joint are secured along with a nearly uniform application of the power at all points of 
the stroke, until the brake-shoes are worn entirely away. Where the distance between the diivera 
B is too small to admit of the introduction and use of both the segment levers e y one only can be 
used, pivoted to one of the brake blocks, and with its ecoentric face working against a friction 
roller pivoted to the other brake block* 

Figs. 470 and 471 are of Aspinall’s automatic vacuum brake* Fig. 470 is of the arrangement 
when only a single pipe running throughout the train is employed. Under each carriage in the 
train is placed a cylinder, having both ends closed to the atmosphere. In each cylinder, a piston h , 
Fig. 470, v is attached by a 
flexible diaphragm to the sides 
of the cylinder k. To this pis- 
ton is connected a rod /, work- 
ing in a collapsible leather 
tube m, fixed to tho lower end 
of the cylinder It. This rod 
oomrauiiicatos with the bruko 
levers. The top and laiger 
oompartraent of the cylinder k, 
above the piston h % communi- 
cates with the pipe a running 
thioughont the train, by a 
brunch pipe in which is a 
valve t. This valve allows 
air to be drawn out of, but 
not returned to, the upper 
compaitmont of the cj lindor k \ 
anothu branch pipe c commu- 
nicates with the liottom of the 
cylmdoi and the train-pipe a . 

A \aruum of about 20 in. is, by 
means of a small ejector, main- 
taimd throughout the train- 
pipe, and above and below tho 
pistons under taoh vehicle. To apply tho brakes, either the driver or guard can admit air to the 
tram-pipe, when it immediately flows below all the pistons, but cannot flowabo\e them, as it closes 
tho \alvo t in the branch pijie d. Tho piston is forced up by atmospheric piessure, and the biakes 
aro applied. In Older to take off tl.c biake, the driver recreates a vacuum in the train-pipe, and 
eonsoijui ntly in the lower part of the cylinder, the piston falls by gravity, and releases the biake. 
A vacuum* gauge upon the engino, and lit each of the guard’s vans, shows at all times what brake 

i >owei is at the command of those in charge of the tiain. In iach of the guaid’s vans is a valve, 
<hg 471, by which air can be admitt< d to tho tiam-pipe. This valve is construct* d so that it opens 
Automatically whenever the brake is applied from any cause, and thus secuies the admission of air 
to soveml parts of tho train-pipe simultaneously, lliis valve is formed with two heads w and r, 
connected by a spindle. The lower head, which is the laiger in diamiter, seats on the top of the 
trnin-pii>o. The wnnllor head is attached by a leather diaphragm to the bottom ot a chamber z , 
winch communioites with the pipe c, by means of a very small hole y through the spindle. The 
utmosphoi o is freo to enter alxive the head u , aud below the head x, by the large opt mngs o o. A 
lever is attached to the spindle so that the valve may be moved by hand. So long as the vacuum 
is maintained in the pipe <, and through the hole t/, in the chamber z , the valve «, by reason of its 
possessing tho larger In ad, is held firmly in its seat, but when the vacuum is partially destroyed 
in the train-pipe c, the atmosphere forces up the part x and lifts the head w off its scat, thus 
admitting air into c and applying the brakes. The air then gradually flows through the small 
hole y into the ehambt r z , aud tho valve once more descends to its seat. Means are provided for 
opening the valves leading to the tops of the ej lindtrs, so that tho brakes may be taken oft* at 
toiminal stat.ons. A valve on the engino enables the driver to admit air to tho train-pipe, at the 
same time that he shuts off the ejector from exhausting. 

An electric brake, invented by Acbard, has been under public notioo in France for many years, 
it is only now developed into anything like a practical form, and has met with some approval at 
tho hands of Fiench railway companies. 

Fig. 472 represents the brake as applied to a locomotive and a tender. Normally, the cylindrical 
olectro-mngnet ought to be concentric with the axle and move with it. The armature forms the 
sitles of a sleeve also mounted on the axle, but loose, so that it does not revolve with the wheels. 
A chain forming the transmission to the biake is rolled on the surface of the sleeve, and produces a 
braking effect, proportional to the advance of the train. This arrangement, as first introduced, 
required modification on account of the speed given to the parts mounted direct on the axle. The 
principle has been preserved by employing a shaft paiallel to the axle, geared by the friction of a 
dito kept in place by a spring. Tho velocity is thus reduced, aud the durution of the various parts 
increased. lu the brake represented the following parts are combined, the axle driving by friction 
the disc mounted on the adjacent shaft ; a spring keeping the disc in contact with the axle ; an 
eloetio-magnet mounted on the shaft parallel to tho axle, ana caused to re\olve; two sleeves loose 
on tho shaft parallel to the axle ; these sit oves are terminated by two discs in soft iron, forming 
armatures, ana of a diameter equal to tbit of the cloctro-mugnot; the chain which actuates the 
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brake, by rolling around the sleeves when these latter become connected to the action of the current* 
Tliig chain passes over a pulley attached to the frame, and thence over another pulley at the end 
of a lever attached to the brake. 

Two insulated electric cables are placed beneath the carriages, running right and left along the 
train, with connecting links between the carriages. Under each vehicle two secondary wires 



branch from the principal cables, one to the right and the other to the left. Thus two branches, 
suitably insulated, conduct the current from tho circular eleotro-mngnot, the principal part of the 
system. In the front and rear van is placed an accumulating Plante's battery, composed of four 
secondary elements of 4 in. diameter. These batteries remain constantly charged, and are 
sufficiently powerful to promptly stop a train composed of fourteen vehicles, including the eugino 
and tender. In the front van above the battery is placed a commutator. A horizontal fiarae 
sliding in the roof of the vehicle allows the guard, by a lateral movement, to throw tho springs of 
the commutator into metallio connection, and this is the only movement required to put on or off 
the brakes. The brake can be put in operation by the driver, a cord being attached to each end Of 
the frame and led to the footplate, so that by pulling one or other of these cords tho biake is 
thrown on or off; the train is, theiefore, under tlie control of the driver, and of tho front and rear 
guards. 

After a variety of experiments with different electro-magnets, Achard found that form designed 
by Nicklds to be the best. In this magnet thcro sro two tubes of soft iron, ono placed oonee ntrieally 
within the other, the interval being filled with wiies covered with silk, and through which the 
current passes. If an iron armature is applied to connect the two cylindrical tubes, a second pole is 
found on the outer periphery, and tho field of magnetic attraction is largely increased. Tho 
employment of tubes insures a maximum of power, with a minimum of mass. Achard’s magnots 
support about 17G0 lb., with the current from a Leclanchd battery of three or four elements. 

General Principles. — Captain Douglas Galton has found from an oxt( rnlod series of dynamo- 
metrical measurements, that the application of brakes to the wheels, when skidding is not produced, 
does not appear to retaid the rapidity of lotation of the wheels When the lotation of the wheels 
falls below that due to the speed at which the train is moving, skidding appears to follow immedi- 
ately. The resistance which results from tho application of brakes without skidding, is greater than 
that caused by skidded wheels. Just at the moment of skidding, the retarding force increases loan 
amount much beyond that which prevailed before the skidding took place ; but immediately after 
tho complete skidding has taken place, the re tarding force falls again to much below what it 
was liefore the skidding. The procure required to skid tho wheels is much higher than that 
required to hold them skidded ; and appears to bear a relation to the weight on the wheels them- 
selves, as well as to their adhesion and velocity. 

It would seem that the gieat increase in the frictional resistance of the blocks on the wlio< Is, just 
before and at the moment of skidding, duo to increase in the frictional resistance) of the blocks on 
the wheels, this increase being itself due to the increase in the co-efficient of friction, when tho 
relative motion of the blocks and the wheels becomes small, is what destroys the rotating 
momentum of the wheels so quickly. With constant pressures, tho friction between tho blocks 
and the wheels, and consequently the retarding force, increases as the velocity deci eases. In 
order to obtain the maximum retarding power on the train, the wheels ought never to skid ; but 
the pressure of the brake blocks on tlie wheels ought just to stop short of the skidding point. In 
order that this may be the case, the pressure between the blocks and the wheels ought to be very 
great when the brakes are first applied, and ought gradually to diminish until the train comes to 
rest. 

BRICK-MAKING MACHINES. 

The improvements devised in the construction of brick-making machines are very numerous. 
The various forms of construction of these machines may bo included in the following classification, 
to wl.iih each machine is easily referable. 

In one description of machiue the clay is fed into a pug-mill, placed horizontally, which works 
and mixes it. It is then forced through a die of about 60 square in., of a form similar to a 
brick on edge. The corners of the die have to be rounded, as clay will pass smoothly only 
through rounded apertures. Tlie clay, as it progresses from the mill, is seized by two veitical 
and two horizontal rollers, which roll it into a squared block of the exact size of the brick, with 
sharp edges, the rollers performing the function of a shifting die. The slab of clay thus formed 
is cut up into bricks by transversely-drawn knives or wires. A somewhat similar machine is 
described in this Dictionary, pages 650, 651. 

In another description of machine, the clay passes from the pug-mill into moulds, where it is 
pressed, and whence the pressed brick is expeued. There are several varieties of this description ; 
thus, the moulds are sometimes placed upon the upper surface of a mould-wheel revolving horizon- 
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tally, and conveying the moulds successively beneath a png-mill, from which they are charged. In 
other machines the moulds are placed on the periphery of a wheel, the clay, when in the mould, 
being pressed by exterior or interior pistons, and tne pressed bricks discharged by piston-followers 
or the piston itself, actuated generally by cams or toggles. 

In double-cylinder buck machines, two wheels are provided with peripheral moulds, charged 
with clay from a hopper above. 

In continuous or belt machines, a scries m moulds are linked together and passed beneath the 
charging-mill, whence they pass beneath a pressure-piston. 

Besides the foiegoing vaiieties of construction, the clay in some machines is moulded by 
reciprocating pistons, or a reciprocating action is impaited to the moulds bmeath the pug-mill. 

In another class of machines, the clay in a nearly dry state is compressed by a plunger into 
a mould, and expelled after sufficient piessuro has been exerted to cause adhesion between the 
particles. 

Biicks are also made of powdered dry clay, with sand and loam, moulded under hydraulic 
pressure. 

The following machinos described are typical of these classes, those types having been selected 
that have been introduced since the publication of the Dictionary, or omitted from its pages; 
and the types omitted in this Supplement will be found under the head of Brick Machines, at 
page 642 of the Dictionary. 

Liddell's double brick-making macl ine, Figs. 473, 474, deals with the first part of the manufacture 
of bricks. It is driven from the main shaft, upon which is a bevel pinion gearing with a bevel wheel, 
fixed to the lower end of the vertical shaft. The lower end of the vei tieal shaft is supported in a step 
or socket, whilst the upper end is carried in bearings formed in the beam, which beum also serves 
to bind together the side frames standing upon the upper part of the pug-mill. Any required 
number of the ordinary pug-mill screw-blades are fixed upon the shaft, so that when the shaft is 
caused to revolve in the pug-mill the screw- 
blades mix or stir, and at the same time foico 
the clay out of the pug-mill into the brick 
moulds formed in the slides. The pressing 
blocks, situated on each side of tho machine, 
are actuated from a cam at the upper end of 
tho shatt. Guides are o irricd on the frames, 
and in tho guides slide-beds arc formed, slides 
being placed therein. Upon the slides anti- 
friction rollois are acted upon by the cam, 
which, when revolving, causes the slides to 
rise and fall in tho guides, and the pressing 
blocks boing connected to tho slides by the 
rods, they fire raised and lowered. When the 
eluy has been forced by tho pressing blocks 
into tho moulds in tho slidoH, tho slide's are 
moved so os to bring another mould below 
the pressing blocks. Those blocks are again 
lowered upon tho clay, at tl e sumo tune the 
brick last made is being forced out of the 
mould by one of the pressers, actuated from a 
earn fixed upon the shaft. Weights are at- 
tached to thepressirs,and to the weights rods 
arc fixed, tlitir lower end sliding veitically in 
guides at right angles to tho rods, the inner 
ends of tluf rods being provided with anti- 
friction roljors which bear upon the cam, so 
that by aipusting tho earn on tho shaft tho 
prossors maw bo made to fall at the proper inti r- 
vals for removing the bricks from the moulds. 

Amongst the advantages claimed for this 
machine is/that it has only four bevel wheels, 
while other machines of a similar construction 
have no I js than ten bevel wheels. The con- 
necting rcjds from cranks to slides are so fitted 
with safety springs, that should a stone or piece 
of iron get m to the slides, the springs allow 
the connecting rods to pass, and thus prevent 
injury. The machine will turn out from 
27,000 to 30,000 biicks a day. The engine 
required to drive it is one of 14-in. cylinder 
with a 80-in. stroke. 

The most systematic way of working with this or similar machines is to have the clay con- 
veyed in bogies drawn by chain or wiie rope on a railway to the top of the pug-mill, where the clay 
is mixed with water into a plastic state. 

Fig. 475 is a longitudinal elevation, partly in seotion, of Durand and Marais* machine ; Fig. 476 , a 
plan of the end from which the brioks are delivered ; and Fig. 477, a vertical section of a modified 
construction of the mould with movable bottom. The machine is mounted on a oast-iron framing a. 
The framing has four plummer blooks bb cc, carrying two parallel transverse shafts d /, of which 
the one / carries the fast and loose driving pulleys g, a fly-wheel, and a pinion A, which is in gear 
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with a large wheel H, on the shaft d f which also carries several cams. The principal cam t, Fig. 476, 
which actuates the compressing piston j, is fixed in the middle of the shaft d ; it effects successively, 
first the progressive compression of the material to be agglomerated in the mould ; second, a final 
compression of short duration ; and, third, the expulsion of the finished brick. Its contour is shown 
at a, Fig. 475. This cam acts on the piston j by means of two rollers k h, mounted loosely on axes 
carried in bearing* formed at each end of the hollow cage J, which forms an extension of the piston. 
This is guided by pieces in the cheeks of the framing. The two outer cams n n, also fixed on the 
shaft d 1 operate on levers D, pivoted to the framing, 
and bolted rigidly to a vertical plate E, which serves 
to dose the exit orifice of the mould A during 
pressure, and uncovers the mould when the piston 
advances for expelling the brick on to the bars o o. 

These bars are fixed in an inclined position. The 
rigid holding of the plate E during the pressure is 
secured by means of two supports p p, cast on the 
framing. 

In order to prevent the bricks, when expelled 
from the mould, from adhering to the face of the 
piston, a small stirrup frame q is provided at the end of the machine, on to which the brick passes 
as it issues from the mould. This stirrup-frame is guided on either side by the framing a, and is 
connected to the plate E by means of two rods or guides r, passing through a projection s fixed to 
the door. These guides have screw nuts on their upper ends, so that when the door E has been 
raised by the action of the cams n n, operating on the lever D, and the brick has been entirely 
extruded, then by causing the door to rise a little higher, effected by small projections on tho 
cams, the projection s in pushing against the nuts causes the stirrup-frame < 7 , and with it the brick, 
to l>e slightly raised. The brick, being thus made to slide against the face of the piston, becomes 
detached. As the levers D descend with the door the stirrup frame also descends, and brings the 
brick again to the level of the inclined bars 0 . 

478 . 



Small aperture* are provided in the sides and bottom of the mould, also in the piston 
itself, to alloW of the escape of any exoess of earth at the time of compression, and prevent resistance. 
These escape apertures may be dispensed with by employing another arrangement. Fig. 477, in which 
a portion of the the mould, at least equal to the width of thebriok, is hinged to the end of 
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a weighted lever «. By increasing the weight, or by altering its distance from the fulcrum, the 
pressure resisted by the movable bottom, and consequently the degree of compression of the 
material, may be regulated. Should this pressure be exceeded the movable bottom will descend, 
and prevent fracture of the machine. The machine can bo arranged either single or double acting. 
In the latter case the piston, «, is extended backwards, and arranged to work in a similar mould. 

Stubbs’ brick-pressing machine, Figs. 478, 479, as manufactured by W. G. Bagnall, consists of 
a revolving table, which contains Bix double dies A B 0 1) E F, the table being fixed on a vertical 
shaft, running in gun-metal bearings at top and bottom, and supported by cast-iron anti-friction 
rollers on brackets bolted to the foundation plate. 

The power is transmitted to the shaft, and afterwards through a pair of elliptic wheels HI to 
the shaft J, and off the shaft J through a pair of mitre wheels K L to the shuft M, on which is 
fixed a double-flanged spur pinion N, gearing into a ring oast on periphery of the table O. The 
pinion N is geared into the spur ring on the table in the proportion of 6 to l, consequently, for 
every revolution of the elliptic wheels one die is brought under pressure when the motion is 
retarded; this also allows time for filling and taking off. The day is dischaigcd out of the 
pug mill, through a mouthpiece of suitable size, on to the wire-cutting tablo, and is there cut 
into blocks by an attendant, who places them in die A. As the table revolves the dio is carried round, 
until the anti-friction roller on the bed comes into contact with ouivetl bar Q, which is secured to 
the bracket R, by which the cover is shut on top of the die. Tho die then passes umh r the brackot P. 
Each die is provided with a sliding bottom, supported on the b< d plate by lugs fitted with anti- 
friction rollers. While the cover is running under tho bracket P, the bottom is giadually rising up 
the incline 8, which gives considerable pressure, and bungs tho briok to tho shape required. In 
the lhls there are small holes to allow the air and Hurplus clay to pass off. This measure is again 
relieved before leaving the bracket, when by tho gearing of the elliptic wheels, the motion of tho 
tablo is accelerated. Immediately the die passes fiom under the bracket P, tho hall on end of tho 
lever is caught by the curved bar T„ The hinged lul is thrown open, the bill being used to 
counterpoise. The rollers connected to bottom of the dio then run up the iueliue u, which throws 
the biicks above the level of the die, so that they can readily bo nmovid by hand at die E. 
The bracket P is packed at tho back with indiarubber, which will give way when any unnecessary 
strain is brought to bear on tho press. This table will pioss 18,000 biicks a day, and is adapted 
for clay containing sand and other impurities. With superior clay, pressed bricks can be turned 
out in a semi diy condition. 

Semi-dry Brick-makmj Machine.— Tho importance of utilizing shale accompanying coul and othor 
mineruls has long been rocognizod. The usual and wi 11-known process of biick making fiom plastic 
clay has been found unsuitable for the utilization of shale, or rock fire-clays. These arc not 
Bottcned by weathering, noi ledueed to a sufficiently fine condition by ordinary preparing machinery 
to be expressed through dies. H. Clayton, Son, & llowlett have constiucte<l a set of machines 
for making bricks from coal shale, bind, fire-clay, and other non-plastic muteiials. Tho apparatus 
consists of a powerful mill having a perforated bottom, and a priss, both being worked by jwnvcr. 
Fig. 480 is an elevation of the plant, Fig. 481, a plan of the grinding and sifting mill, Figs. 482, 483, 
side and front elevations of the brick-moulding und pi easing machine. 



The engine for driving the entire machinery is of 10 horse-power. In Fig. 480, A is the 
mill. B a set of elevators, and C the press or brxk machine. The rotating pan runner mill is 
8 ft. iu diameter, and is driven by bevel gearing overhead. The runners are of cast iron, each 
weighing about two tons. The pan is fitted with a cast-iron ring, forming the path of the runners, 
and the outer part of the bottom of the pan is furnished with a series of perforated segments, for 
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gifting the material after it has been pulverized. , The ground clay passes through the perforated 
plates and falls into a catcher, out of which it is swept by arms fixed to the bottom of the pans into 
a general receiver. The runners revolve against the motion of the pan on a horizontal shaft, 
carried in vertical guides at each end, and hollowed at the centre for the vertical driving shaft of 
the pan to pass through. The elevators oonsist of a band furnished with buckets, which carry the 
ground material from the receiver, and deliver it into 

the hopper of tho moulding and pressing machine. 431 . 

The framework of the pressing machine, Figs. 

482, 483, consists of two vertical standards bolted 
to a cast* iron foundation plate, and connected at the 
top by a stretcher plate. A hollow casing or box 
is bolted between the side standards, and is fitted 
with loose linings or moulds. The lower pressing 
pistons are attached to a cross-bar, arranged to slide 
m vertical guides in the main standards, with fric- 
tion rollers on the lower ends. The main shaft is 
driven by compound gearing, and revolves in bear- 
ings in the main framing. Upon this shaft are fixed 
two pressing cams, which work in oontact with the 
rollers on the lower pressing pistons. There are 
two cranks on the mam shaft, one at each end, with 
connecting rods for giving motion to the crosshead 
above. This crosshead slides in guides in the 
framing, and to it are attached tho upper pistons. 

Those pistons uro hollow, and are heated by Bicam 
to prevent the material adhering to them. They 
aro fixed upon blocks held firmly in the crosshead 
and have only a vorticul motion. Tho upper parts 
of tho blocks are made smaller, and have screw 
threads cut upon them. Volute springs are coilod 
round the screws, and plates are placed upon the top 
of tho springs, which can be screwed down to any 
desired aogree of compression, thus regulating the 
amount of pressure to which the bricks aro to bo 
subjected. There are bolts passing through tho crosahead, and also through tho plates, by 
screwing up or unscrewing which tho piston can be made to descend a greater or less distance into 
the moulds, thus forming thinner or thicker bricks ns required. Regulating wedges arc placed under 
the lower cross-bar, and are adjusted by small hand wheels. The cross-bar when in its lowest 
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position rests upon these wedges, so that when the wedges are drawn higher upon their seat, the 
pistons on the cross-bar do not descend to the full extent Thus the depth of the moulds, and 
consequently the quantity of material admitted into them, may be regulated aocording to the 
nature of the material ana size of brick required. 

The prepared material is fed into the two moulds by a self-acting arrangement A measure or 
feed-box slides to and fro under the feeding hopper of the machine, and thus passes alternately 
under it and over the moulds, oonveying eaoh time sufficient material for filling the moulds. The 
feed-box is actuated by friction rollers attached to the crosshead, and in their motion with it they 
traverse a slotted chase, formed in eaoh one of a pair of swinging arms, connected one on eaoh side 
of the feed-box. The chase is of such a shape as to ensure the requisite intermittent and alternate 
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motion of tho fied-box. Tho monlls are made portable, and fit into tho hollow mould casing, 
bo that they may be easily takeu out and moulds of other sizes or shapes introduced in thoir places. 
Correspondingly, the top an i bottom pistons can also be remove 1 with facility. Thus by the same 
machine a large variety of Bliapes ana sizes of bricks may be produced. 

In this apparatus the pressure is given simultaneously at the top and bottom of tho brick, and 
tho whole of the pressing action is derived from cams and crauks all fixed or formed upon one 
main shaft. The whole of the pressing strain is sustained between the lower cam shaft and tho 
top pistons, and is virtually taken by the side arms, which are made of sufficient strength to resist 
the strains brought upon them. The frame is thus entirely relievod from all strain. The bricks 
when pressod are delivered from the moulds by the lower pistons, which are foroed upwards by 
the complete revolution of th* cams, and the newly-mado bricks are m >vod forward by the 
approach of the feed-box with a fresh charge of the tnateiial. The lower pistons thou fall, and tho 
moulds arc refilled ready for the next pressure. For couveyiug the bricks from the mnehino an 
endless travelling band is employed. 

Brick-^hapim] Machines.— Lloyd's brick-shaping machine, Fig. 484, is for brick surfacing and 
moulding by means of emery whee ls. The machine consists of a horizontal cast-iron baso plate, 
carrying the vertical frame provided with a screw, by moans 
of which the headstock carrying the spindle of tho emery 
wheel can be raised and lowered at will. The headstock can 
be adjusted so as to set the spindle at various angles to under- 
cut the mouldings, and to cut arch-bricks. To hold the brick 
during tho process of shaping, a slide is made of wood, with a 
shallow box, in which the brick is fixed by means of a wooden 
wedge. As for various purposes bricks have to be held in 
different positions, and for arch-bricks at different angles, it 
is better not to havo any permanent metnl arrangement for 
holding the bricks, but to prepare these wooden slides when- 
ever wanted. A piece of wood across tho end of tho slide 
serves as a rest for the hands of tho labourer wot king tho 
machine, and a guard over the emery wIkm 1 avoids all danger 
from tho wheel breaking. The emery wluals are from 8 in. 
to 12 in. diameter, and of course of any shape for moulding or 
surfacing They are run at alxmt 1800 revolutions a minute, 
and one labourer pusses about 1500 bricks through the 
machine daily. If a brick requires both surfacing and moulding, about 500 Will bo finished in a day. 
The emery wheels can be faced by friction witli a piece of gas-pipe, running tho wheel very slowly. 

Sla</ Bncks. — The Cleveland Blag Company have paid considerable attention to tho manufacture 
of bricks from slag, amongst numerous attempts to utilize this waste material, and the most iin- 
poitant item of their production is si ig bucks for building put}ioses. These bucks are mudo fiom 
the slag Blind, produced by a special machine at the blast furnaces. The sand is mixed with 
selenitic lime with addition of oxide of iron, and is pressed in a machine to be presently described. 
At the commencement of operations it was found that there was no machino made in England that 
coni 1 work the mateiial, in the* sta 4 e in which it is produced at tho furnaces, without previous 
preparation ; and this preparation to suit the brick press so increased the cost of tbo bricks as to 
exclude them from the market. It was therefore necessaiy to design a Hjroeiitl press to woik the 
sand, just as it comes from the slag-sand machines, din ctly into bricks. In designing this machine, 
the following prints had to be kept in view great d< pt h of mould**, because tho slag sand is very 
spongy and compressible; an arrangement by which the water could escape from tbo moulds 
without blowing the bricks to p eces ; gieat pressure, in order to consolidate tho sand in the moulds ; 
prevention of over-pressure; regularity in proportion* of lime, and in filling the moulds. 

In the buck press, Figs. 485, 480, d< signed to mot f the se requirements, the pressure is given by 
two east-ste< 1 ctitnfc, fixed upon a forgul st< el shaft, in, diameter. This shaft, resting on lrcarings 
between two strong A frames, is put in motion by veiy powerful double geared spur-wheels, the first 
motion-shaft carrying a hea\ y fly-wheel. The pressui o cams B act against rollers fixed upon two steel 
rams X. These cams transmit the pressure to the moulds in the table (J. The table iH circular and 
contains six pair of moulds, so that four bricks are pressed at one time, the table remaining 
stationary during tho operation. At tho same time as the bricks are undergoing pressure, two other 
pairs of moulds are being tilled with material; and the remaining two pairs are delivering up tho 
four bricks pressed at tl o previous revolution of the earn shaft. The bricks are pushed out of the 
mould by smaller pistons D, acted upon by the separate cams E. The moulds are lirnd with 
changeable steel plates yV in. thick, and ihe sand and lime is fed into them by two pug-mills N. 
These pug-mills are fitted with six knives each. The table is shifted round by a kiud of ratchet 
motion, also worked by a com on the outside of flu* framework F, and acting upon the weigh bar 
ond lovers J. Immediately above the pressure cylinders arc two pressure stops G, which are held 
down by the heavy weighted levers H. These levers II therefore receive the whole pressure put 
upon the bricks, and in case there should lie too much sand in tho moulds, these levers rise and 
relieve tho strain. The weights I can be weighted as required, and thus exactly gauge tho 
pressure ui>on the bricks. In ordinary work the moulds are filled so os to nearly lift the levers. 
The filling is easily regulated by the set of knives upon tho pug-shafts, which press the material 
into the mould C. One side of the pug-mill cylinder is removable, so that the knives are always 
accessible. The png-mills are fillea by means of tho measuring and mixing apparatus, placed on 
the float immediately above the brick press. The mixing and measuring apparatus is simple and 
efficient The slag-sand is tipped into a hopper from large barrows, lifted by a hoist. At the 
bottom of this hopper is a revolving cylinder K, with ribs cast upon it, which, as it revolves, carries 
with it a certain thickness of sand, the thickness having been previously regulated to the require- 
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ments of the press. The slag then fulls open a sieve L, which separates any large pieces of slag in 
a solid state, and at the same time allows the falling sand to pass through the sieve. The lime is 
fed into a separate hopper, and its supply is regulated vt ry much like the feed of corn into null* 
stones. The lime then passes down a shoot, which forms pait of the slag-sand sieve, where it meets 
the shower of sand, falling together with it and getting thoioughly mixed. 

4HB 486 



The bricks, when taken from the brick pi css, are placed upon spring barrows, bolding fifty 
each. They arc then stacked m sheds, whire thty aie allowed to rtmarn about five or six days, 
after which they are simply stacked outside in the weather to liaiden. The percentage of loss 
is very little, not amouuting to 2 or 3 per cent Each machine is capable of turning out 10,000 
bricks m a day. 

The following are a few of the advantages of these concrete Blag-sand biicks. Being pressed, 
they aie perkotly uniform in sue and thickness ; they are much cheaper than ordinal y red bricks, 
oompaied in weight with which they are 1 ton a thousand lighter; there are no wasters nor 
halves ; nails can be driven into these bricks without splitting them, saving plugging in the walls 
for skirting and doorwork. 

Bt <Us . — A brick is a quantity of clay, mixed with sand, pressed in a mould, dried in the sun, 
and nearly always baked t>y fire Bricks mav, however, be divided into those dried m the sun, 
and those baked or hardened by fire Sun-diied bncks have no extensive use except in equatorial 
countries, and to impart to them sufficient durability, it is necessary to oover them with an 
impermeable compound of lime and el&y. Burnt bricks may be divided into refractory or fire* 
clay bricks and ordinary bncks. Refractory or infusible bncks are made from clays containing 
neither lime nor oxide of iron, and are employed m the construction of foraaoes and apparatus 
intended to withstand high temperatures Ordinary bricks are rectangular parallelepipeds, vary* 
mg m dimensions aooording to locality and purpose of man ufacture. 
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The following are some varieties of ordinary bricks. Air-bricks pierced with holes to allow of 
the passage of air. Arch-bricks, partially vitrified bricks from the arches of the damp or kiln in 
which the bricks are burnt. Cupping bricks, shaped for the upper course of a wall. Clinkers, 
biicka taken from the arch of a damp and of glassy structure. Compass bricks are voussoir-shaped 
for arches. Coping-bricks, shaped or selected biicks for coping courses. Feathor-edged bricks, 
with bevelled edge for vaults und ardies. This term is aUo applied to bricks of prismatic 
shape, for building on the skew. Stocks, grizels, and the like are local terms applied to various 
qualities of bricks. 

The average specific gravity of well-made bricks is 1*841; a cubio foot weighs 115 lb. and 
absorbs of its weight of water. The force required to crush an ordinary brick is about 500 to 
550 lb. a square inch. 

Bricks should be made with clays of the best quality, properly blended. They should be sharply 
and perfectly moulded, without breakage or cracks, well-baked, but not burnt ; they should be hard, 
compact, tenacious, and of fine grain. Their further characteristics and uses in construction will be 
found described under the heads “ Construction,” “ Bond,” and “ Brick Machinoiy,” in this Dictionary. 

Brick-earth or common clay should be neither too rioli (fat) nor too poor, that is, neither 
too clayey nor too sandy. The richer clays, which contain too much alumina, are plastic, 
and subject to deformation during drying and baking. The remedy for th.s is the addition of 
silica or Bandy matter which imparts greater closeness. Too i>oor clays, or clays too highly 
charged with silica, dry easily, but make porous and absorbent bricks, friable and of low strength. 
These bricks never acquire satisfactory durability by baking The remedy is the admixturo of a 
proper quantity of fat clay, such as Kimmerulge clay. Brick-earth should contain no small stones 
that can interfere with the homogeneity of the woike l clay, nor substances susceptible of decom- 
position during burning, tuch as iron pyrites, Hints, or limestone. The finest earths do not always 
furnish the best products, but the clay in any case should not contain fusible substances, because 
the brieks would then vitrify during baking. The best method of determining the qualities of 
a clay is by trial upon a small scale. To this end ►omo biicka are prepared which aie allowed to dry 
slowly, and then submitted to burning in a liiue-kiln. 

Oidinary brick earths have for chief constituents alumina and silica, in combination with liino, 
magnesia, or iron. But chemical analyse does not ussist the brickmaker in determining the valuo 
of an earth for his purpot-e, bt cause it does not account for the mechanic! conditions of the 
constituents, for iustance whether the silica exists as snnd or as a combined silicate. In whatever 
state the constituents may be, their chemical effect during firing or burning is similar. 

Alumina imparts to clay its plistic piopoities, hut a brick containing too much alumina warps 
or cracks in diying, and becomes very haul during burning. 

Silica, in tho piobenco of alumina only, is infusible at ordinary temperatures, but the presence 
of a small quantity of oxide of iron, which acts as a flux, renders the alumina and silica fusible at a 
low temperature. Sand pi events cracking, shrinkage, or waining and provide s the silica necessary 
for partial vitiiticution ; the larger tho position of sand, tho more homogeneous the stiuctuio of 
tho biick. But excess of sand causes br.tih nobs. 

Lime losstns the contraction of the bricks in drying, and acts as a flux upon the silica during 
burning. Excess of lime rendeis the brick too fusible. Lime, when present, must be in imp, doable 
powder, because during burning, tho lime, if occuiing ns limestone, decomposes, and the carmmio 
acid given off splits tho brick, or the quick-limo formed ul o splits tho brick whoa wetted. Bricks 
containing lime should bo wt 11-soaked before use. 

Oxide of iron, besides rendeiing silica and alumina fusible as doscub d, affects tho colour of tho 
bricks, producing tints vurying from light yellow to d<ep icd. When there is 8 per cent, or moro 
of oxide of iron, aud when tho buck is submitted to fierce firing, the red oxide is converted into 
black oxide, winch lusts with tho silica, imparting a dark blue or purple colour. Lime with iron 
iu small quantities produces a cream-coloured brick ; mcrouso of iron produces a rod, and of lime 
a brown colour. Iu red-biicks oxide of iron is proHosent iu laigo percentage, but not fused. In 
the pr<souce of iron, magnesia impaits a yellow colour to the brick; aud manganese darkens the 
colour that iron impaitB to a 1 lue biick. 

Iron pyrites is a very prejudicial, though common, constituent of clay ; it is partially decomposed 
duiing burning, then oxidizes in tho brick, producing so-called flowiry bri ks, and causing splitting. 

Common salt, sodium chloride, acts us a poworful flux, und only tin* commonest bricks known 
os place bricks, can be made from clay containing much salt. The hygroscopic uaturo of salt 
always causes the brick to be strongly absorbent of moisture. 

Chalk is added to some clays to pioduce white bri ks. 

Brick earths may be thus divided ; — 

Plastic, fat, or stiong clays, composed chiefly of silica and alumina, with small proportion of 
lime and other constituents, excepting iron. 

Loams or mild clays, sandy clays. 

Marls, calcareous, or chalky clays. 

Maim, an imitation of natural marl, is compounded of clay aud chalk, the operation being 
generally performed in a wash-mill. 

Good brick-earth should contain sufficient flux to bring its constituents into fusion at furnace 
heat. A greater quantity of flux will cause the bricks to become vitrified or glazed. The best 
earths contain 20 to 30 per cent, of alumiua, and 50 to 60 per cent, of silica. The bricks made 
fiom such earths are a silicate of alumina with silicate of lime or other flux, aud depend for 
quality on the selection and mixing of the clay. 

Pure or fat clays are sometimes used without anv addition, and the sand contained is then 
usually sufficient to prevent too much contraction. These clays daring baking do not become 
sufficiently fused to thoroughly agglomerate the mass, and therefore do not so woll withstand weather- 
ing as a partly vitrified brick. Clays of this character are consequently improved by the addition 
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of silica in the form of sand, with lime to act as a flnx. Instead of lime, ashes are used to yield 
alkalies as a flux. Marls are best suited for briokmaking direct fjom the day without admixture. 

Good building bricks should be free from cracks, flaws, stones, or lumps of any kind, regular 
in shape and uniform in size. The edges, or arises, as the edges are termed, should be square and 
sharp. Hollow surfaced bricks are to be avoided ; the surface should be flat and not too smooth. 
Badly burnt bricks absorb a larger quantity of water, and soon become rotten. Average bricks 
absorb generally about 16 per cent, of their weights of water ; only highly vitrified bricks absorb as 
little as of their weight as is generally stated in text books. Tiioioughly hard burnt bricks have 
a metallic sound wh< n struck together ; a dull sound is generally indicative of soft or cracked bucks. 

Clamp, or kiln-burnt, and machine-made bricks are easily to be distinguished. Traces of 
breeze are to be found in clamp-burnt bricks. Kiln-burnt brinks have sometimes coloured stripes 
upon the sides, caused bv the arrangement of the bricks in the ki'n. Machine-made bricks are to 
be distinguished, either by the marks of the cutting wires, by the peculiar form of the mould, or by 
having a fiog, or hollow, on both sides. 

Ordinary London biioks are about 8f in. long, 4 J wide, and 2$ thick. The weight of a biick 
is about 7 lb. These dimensions are very slightly departed from, but in Scotland and the north of 
England bricks are larger and heavier. To obtain good bonding in brickwork, the length of each 
brick must exceed twico its bioadth by the thickm ss of a mortar joint. 

The following tables give the size and weight of the most used varieties of biicks in England, 
and the resistance of those varieties to compression ; the authorities aie chiefly Latham ami Giant. 

Table op Sizes and Weights or various kinds of English Bricks. 


Description. j 


Dimensions. 


Weight 

Weight a 1000. 




Inches. 



lbs 

cwts 

London stock 

8*7.) 

X 

4-25 

X 

2-75 

6*81 

60*75 

Bod kiln | 

s - 7 :) 

X 

4-25 

X 

2*75 

7-0 

63 

Eaiolmm rods i 

8-5 

X 

4-15 

X 

2*6 

6*3 

56 2 

„ rubliers 

Lancashire rod brick 

10-9 

X 

4-8 

X 

2*9 

8*8 

78 5 

9 

X 

4*5 

X 

3 

8*9 

80 

Leeds piossed buck 

9-5 

X 

4*5 

X 

3-5 

10 

89 

Snudytimld Scotch brt<*k 

9-5 

X 

4*5 

X 

3*5 

9 7 

8(5 6 

Glasgow biicks 

9 

X 

4*a 

X 

3-4 

8*6 

77 

Burhnm wire cut 

8 6 

X 

4*0 

X 

2-6 ! 

| 5-4 

1 58*2 

„ prosHt d 

8-75 

X 

4*2 

X 

2*7 

(M 

l 54 5 

Suffolk biimstono 1 

9 

X 

4*6 

X 

2-6 

6-8 

I 60*7 

„ white 

9*2 

X 

4*3 

X 

2*6 

1 6-3 

56*2 

Staffordshire paving 

is 

X 

X 

4-5 

4 5 

X 

X 

3 | 

2 

8*9 

61 

80 

55 

„ cdgo-puvmg | 

9 

X 

3 

X 

3*5 

7*8 

70 

Tipton blue 1 

Adamantino clinker 1 

9 

X 

4-5 

X 

3 i 

10 m 

89 

6 

X 

2*5 

X 

1-75 

2 

18 

Dutch „ 1 

6*25 

X 

3 

X 

1 5 

1*55 

, 11 


Doci Iptton. 


Unburnt biick 
Common red 
Machine „ .. 

Common stock 
Sittingbourno stock . 
Forehumnds 

,, rubbors . , 

Tipton bluo 

Exbury best 

„ seconds .. 

„ thiids 

Suffolk biimstono 
„ best whites 

Gault 

„ wiro-out .. . 

» „ white . 

Proasod gault . . . 


Staffordshire dressed blue 
„ pressed „ 

„ common „ 

„ bastard .. 

Brown glazed brick .. 


Besistanoe op Bricks to Comh{Fssion. 


Dimensions. 

Area 

exponrd to 
Crushing. 

A ve i age 
Weight undir 
width Buck 
Crutktd 

Avenge 
Weight 
rt quirt d to 
Crush Brick 

Weight 
requued a 
sq m to 
Ciush Buck. 

im hes. 

sq in 

tons 

ton* 

tons 

8*9 x4*4 x2*9 

l 3<*8 1 

1*0 

9*0 

0 23 

9*0 x4*3 x 3*0 

38 7 

9*5 

57*0 

0*96 

9*3 x4*4 x 3 3 

1 40*9 

| 23*0 

33 0 

0*79 

8*9 x4*0 x2*5 

36*2 

10*0 

128*0 

3*56 

8*8 x 4* 13 x 2*5 

36*3 

5*7 

33*9 

0*93 

8*5 x 4*25 x 2*0 

36*1 

8*4 

26*1 

0*72 

10*2 x4*8 x 2*9 

49*6 

1*4 

15*7 

0*32 

8*75x4 3 x 2*5 

i 37*7 

21*3 

95*2 

0*39 

8*8 x 4 * 25 x 2 * 75 

37*7 

21*0 

28*5 

0*76 

8*8 x 4*25 x 2*75 

, 37*7 

21*0 

39 0 

0*77 

8*5 x4*l v2*6 

1 35*1 

11*3 

29*0 

0*83 

9*0 x 4*56 x 2*7 

41*3 

5*1 

31*0 ! 

0*77 

9*2 x 4*56 x 2*6 

41*9 

5*1 

19 6 

0*47 

8*75x4*25x2*75 

37*2 

12*7 

35*1 * 

0*94 

8*6 x 4*0 x 2*6 1 

34*5 

6*4 

32*9 

0*95 

9*0 x4*3 x2*7 

39*1 

110 

53*0 

1*85 

8*9 x4*3 x2*7 

38*2 

8*0 

46 5 

1*23 

8*75x4 19x2*7 

36*6 

7*4 

36*8 

1*00 

9*0 x4*5 x 2*97 

40*3 

15*5 

114*0 

2*80 

8*9 x4*5 x 2*9 i 

39*8 , 

21*5 

73*0 

1*86 

9 4 x4*4 x 3*0 * 

41-1 , 

13*0 

39*0 

0*95 

9*2 x4*6 x3*2 l 

41*2 

27*0 

41*5 

1*01 

9*0 x4*4 x3*4 1 

39*5 1 

10*0 « 

23*0 

0*58 
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Besides the descriptions of bricks already detailed, there are the following varieties and sub* 
varieties ; — 

Splits, or split-bricks, arc reduced in thioknoaH to the dimensions of 9 in. by 41 in. by 1 in, 1 J or 
2 in. Soaps aro about 9 in., by in. wide, by thick, and sometimes pieroed for ventilating. 

Cutters, or rubbers, are bricks intended to be shaped by cutting or abrasion to some required 
pattern. These biicks are made soft, generally of washed earth, freed from lumps, and of uniform 
composition. These bricks are not allowed to vitiify m the Kiln, and in inferior qualities the 
firing is too early disoonti mod, so that the bneks have no cohesion, and are quickly destroyed by 
rain and frost. In all casus whore the work is evjioood to the infiuenoo of the weather, purpose- 
made, or specially formed bricks, should be employe!, because the vitrified surface prevents 
penetration of moisture. 

In Kentish brick-fields, bricks are generally dhided into throe classes; malms, washed, and 
common, the difference being determined by the mode of prop iring the earth. For common bricks 
the eaith is not washed. All are moulded and burned iu the same manner, and uro soited after 
burning. 

Shippers ore bricks deformed in burning, chiefly used to ballast vessels, in older to export 
bricks at small cost. 

Stocks, bricks hard burnt, but inferior to shippers, chiefly used for ordinary work. Hard stocks 
are overbumt, having defects in form and colour, but otherwise sound, chiefly employed in the 
lxxly of thick walls. 

Gruels, or guzzles, arc undorburut, have little coin rent strength, and from the stones contained 
are very liable to fracture. These biicks arc used for veiy inferior or tempmury woik, and when 
used foi jiermanent structures aro always coated with cement. 

Chuffs are useless bricks upon which rain has fallen, while tho bricks were hot. 

Buirs are lumps of viliihed brick earth, as may Ixi seen iu artificial rockaork or giotloos, 
obtained from the fusing of the bricks nearest the file iu the kiln or clamp. 

Bats are halt or broken bricks. 

White bricks are best made fiom refractoiy clay and a fine white or y el low sand; this clay 
burns white, and the band vitrifies ut a high temperature. Every clay containing not more than 
b* per cent, of iron, when mixed with chalk, will yield a white brick, but cam must be taken that 
the clay is strong enough to allow ol sutliciuit admix tme ot chalk. While biicks arc host burnt iu 
close kilns to prevent dcfiostts of soot; they must bo allowed to cod giudunlly, or they ciack. 
White bricks being made from clays of high specific giavity are generally perforated or constructed 
hollow, Ii removable green sta ns oejur on underbill nt white biicks, which can be remedied by 
painting tho brick with a wash of the same buck clay, made with a solution ot blue copperas, 
allowing this wash to rt main on the brick until diy, then rubbing off with a bard brush. 

Gaults arc white bricks made fiom a bluish tinacious cl iy occurring between the Upper and 
Lowei Gieensand formations This clay contains sufficient chalk to iuipait a white colour to the 
brick as well as to act as a flux. 1 Ju so bricks aro of superior durability and baldness, hut arc veiy 
heavy, and for the latter reason are generally perlorated or constructed with a deep frog. Kutlolk 
whites ure also made from the Gault clay, and arc good rublmrs, as they contain a eonsidotnblo 
proportion of sand. Those bricks harden by time, this hardening 1 km ng probably duo to tho silicic 
acid ot the clay combining with the lime gradually to form silicate of liim*. 

Kxbuiy, or Beaulieu, bricks, are made from the white clay oocuiriug on tho banks uml 
bottom ot the Beaulieu liver, neai Southampton. These are wliito bricks and aro largely used 
for lacing. 

Stattoidsliire bricks aie, as their name implies, made fiom tho Staffordshire clays. These < lnjs 
and imnls contain 7 to 10 per cent, of oxide of iron, consequently the bricks are blue-black m 
colour. r ihesc bricks are impervious to water, re-ist great pressure, and aro very durable. They 
are imitated by washing over interior bricks with a solution ol iron. 

Dust bricks are made with coal dust instead of sand, and are vitreous and durable. 

Fuichum reds aro from a plastic clay occurring iu the deep beds around Fareham, aro very 
superior bricks, but should not have tho surface removed by lubbmg. These bricks were exten- 
sively employed for tho lacings ot St. Thomas’ Hospital, London. 

Nottingham dry clay bricks are made by the dry clay process, and generally burnt in Hoffman’s 
kilns. Part of St Puncms Station, London, is constiucted with these bricks. 

Dutch clinkers arc small, thoroughly vitrified bricks, chietiy used for pavings. 

Salted bricks have a glaze produced ujion their suiface by thiowmg salt upon the files during 
burning. 

Concicte bricks are simply blocks of concrete, detads of which will be found described under 
the head of Concrete. The following lcmarks iqioii the piepatation of brick- earths, whether ior 
moulding by machine or hand, will complete the infoiination on this branch. 

When the clay is very hard, marly iu character, containing lumps of race or limestone, it is 
ground between iron rollers. 

Malm is dug in the autumn. It is at once conveyed, with due proportion of ground chalk, to 
tho washmill. The chalk aveiages about 0 per cent, of the clay. Tins mixture is reduced to a 
thick cream, and is then ruu off into backs or shallow tanks, where it remains until nearly solidified. 
It is at tliis stage soiled, or covered with about £ of its depth with screened cinders, and allowed to 
remain for weathering throughout the winter ; alter this the bucks are dug out, and the cluy and 
ashes pugged together. This method of preying malm is known as washing. 

The quantity of clay required for 1000 ordinary bricks vanes from 1$ to cubic yards, as 
measured before digging, the stronger days requiring to be in the greater quantities. 

Hand Moulding .— The dimensions of the moulds are such as to allow tor the contraction of tho 
clay in burning, the linear measurements being from 8 to 10 per cent, more than in the finished 
brick. The superfluous clay is removed fiom the mould by a piece of wood or steel, termed a 
strike. In slop-moulding the brick is frequently dipped into water, to prevent adhesion of the clay. 
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Sand is also used for this purpose ; the process is then termed sand-moulding, and there is produced 
a darner and sharper brick. . Ai 

As each brick is passed from the hands of the moulder, it is either earned by a boy, still m the 
mould, to the drying shed, the moulds being returned, or it is deposited upon a pallet-board, which 
is removed upon a back-barrow, mounted ou springs and rutin ng upon smooth wrought-irun 
wheeling plates, so as not to shake the brick. 

To secure the mould upon the stock-board, whilst in the moulder’s hands, this board has a 
projection, which forms the hollow in the brick, termed the frog or kick. This hollow serves as a 
mortice into which the mortar can key. Bricks are laid with the frog uppermost. Wire-cut brioks 
are without this hollow. 

In drying, the bricks are placed upon hacks, long parallel banks raised about 6 in. from the 
ground, and built of dry brick rubbish and ashes They should not be more than eight courses in 
depth, or the lower may be crushed. When the brioks are semi-dried they are scintlod, or placed 
diagonally ut small distances apart to allow of the passage of air. In this stage the lower course 
will admit of twelve or thirtoon courses being placed upon it without crushing. Raw bricks gene- 
rally require about ten days to dry bofore they can be scintlod, when they remain for another 
month. 

Ptpe-making Machines . — The characteristics of the machines for the manufacture of drain-pipes, 
and other pipes made of burnt eaith, are very similar to those of biiokmaking machines. The 
manufacture of pipes includes several operations; the preparatio 1 of the earth, moulding, diying, 
and burning. 

Preparaiion of the earth. — All kinds of argillaceous earth, from ordinary brick-earth to plastio 
clay, can be employed in tho manufacture of drainnge pottery, under conditions of convenient 
preparation. It is esjiecuilly impoitant that the moulded clay should be homogeneous, highly 
tenacious, and should not contain stones nor any foreign substance likely to interfere with its 
p issugo through tho machine. This is attainable by hand operations with great difficulty and 
expense, and is best effected with the aid of machinery. A hold having been selected as accessible 
as possible, tho vegetable earth or surface soil is removed for about lb in , and the clay removed. 
This operation is usually performed m autumn, and the clay is allowed to weather during the 
winter. Manufactuio commencos in the spiing. The clay is passed botweon rollers whioh are 
about J in. apart, it is then thrown into a pug-mill, and woiked into a condition suitable for 
moulding. 

Diying. — After moulding, presently to bo described, the pipes are driol under covired sheds, in 
racks. When the pipes aie half dried, they aie rolled, if nctessaiy, to maintain their cylinducal 
form. 

Burning. —The burning usually takes place in kilns, which will be found to bo desciibed undei 
the proper heading in this Dictionary, page 2178, and in subsequent pages. 

Moulding. — Machines for tho manufiteturo of drainage tubes have their oiigin m tho old 
system of presses employed, in soveinl countries, for the manufacture of white-ware tubes used for 
wator-conduits. Those pressos con-ist of a veriical cast-iron cylindir in which is put the piepared 
day. A piston, actuated by a screw, strongly compresses this clay waste, and forces it out thiough 
an annular orifice, to lorm the pipe. In nearly all the systems designed for the manufacture of 
drainage pipes the press is preserved, but the number of orifices have been increased, with 
consideiable effect upon the production. 

Finally the whole system was rendered 
jiortable, of course with great practical 
advantage. These machin s may be 
classed as continuous and interm ttent 
machines. 

An example of a continuous machine 
is that of Ainslie, Fig. 487, consisting of 
two c«ist iron cylinders to which rotary 
motion of opposite directions is impaited. 

A toothed whiol is mounted on the axis of 
the lower cylinder, gearing with a solid 
union, carrying a fly-wheel and crunk- 
landle. At one end of tho cylinders each 
bus a toothed wheel in gearing, to pro- 
duce the opposite rotary motion. The 
carrier is an endless band, moving on 
rolleis, atraugod in the rear of the machine, 
from whioh the olay is continuously fed 
under the* cylinders by a workman. In 
frout of the cylinders is a box of which the 
rollers form one side, the clay issuing by 
onfioes on the other side. As the pipes 
issue from thise orifices or dies, they are 
carried forward on an endless band, and are cut to the required length by brass wires drawn 
transversely. This machine is one of the earliest forms of pipe-making machines in which hand 
power is employed, and requires the assistance of four men ana several boys. 

Champion’s machine, Fig. 488, consists of a circular horizontal plate about 4 ft. 6 in. in diameter, 
pivoted upon a base and receiving rotary motion from an axle, with pinion or crown wheel. Abovo 
the plate is a draw tube, carrying at its centre an iron arm teiminated by a cone which imparts to 
the manufactured pipe its inner bore. A bottomless box or cover is fixed above the horizontal plate, 
and one of its vertical feces forms a radius to the plate, with a spaoo of about £ in. between tho 
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same principle. A piston, .actuated by a raokwork and pinion, compresses the paste in a cylinder 
or box, and forces it to issue by the dies. The differences 
are in the number of cylinders and the position of the 
charge. 

Clayton's machine consists of two vertical cast-iron 
cylinders alternately brought into work, in which pistons 
strongly compress tne clay through the moulding nozzle. 

This maohine so olosely resembles the brick-making 
machine, being indeed a brick machine applied to another 
purpose, as to render detailed description unnecessary. 

Sanders’ and Williams’ machine consists of a rect- 
angular box A, Fig. 489, mounted between heavy sides 
B, on a base C, on wheels. The two ends of tne box 
are open, except that one receives the piston D, and the 
other the system of dies E. This arrangement admits of 
replacing the dies by a shoot of iron, pierced with holes for the purpose of cloaning the earth from 
stones. To maintain the dies in position, a keyed pin o is employed, with a groove which engages 
the lower end of the die plate. The piston consists of a head and a rack bar F, actuated by the 
pinion G and the wheel J and intermediate goaring. In order to introduce the clay into the box A, 
a lid M is provided, raised by means of a handle, and clamped with a sliding nut B. 




The die consists of a cast-iron plate, in which is arranged a certain number of holes, of a 
diameter exactly ttiat to be givon to the exterior of the pipes. In the centre of these holes is 
arranged a mandril q truly centered, and maintained in position by the tie-bar A. The space between 
the die and the mandril is intended for the passage of the clay to form the pipes, and must be 
adjusted to give the thickness to the pipe desired. On issuing from the dies the pipes T are 
received on an endless band S, moving on rollers. They are then cut to a given length. In the 
piston D is a valve and air holes to admit air on the bock stroke of the piston to prevent suction. 

Other examples of pipe-making machines are founded strictly upon the construction of brick- 
making machines, except in the form of the die, and it is therefore unnecessary to repeat the 
description. 

Bat rows and Conveyance of Materials — The barrow is indispensable in the brickfield, both in the 
form of the ordinary wheelbarrow, which it is unnecessary to describe here, and in the form specially 
adapted for the conveyance of the moulded brick to the air-drying galleries, and thence to the 
kiln. A barrow of this latter form consists, as does an ordinary barrow, of a body with two 
handles, generally the extension of two brandies or horizontal supports, the anterior extremities of 
which carry between them a wheel. The ordinary barrow generally used for the conveyance of 
the clay in the brickfield weighs 40 to 60 lbs., and will contain* one-thirtieth to one-twentieth of a 
cubic metre of earth. The English form of wheelbarrow is preferred in general use, even on the 
Continent, as being more easily discharged of its load. Whatever the kind of barrow, the load Is 
carried partly by the wheel ana partly by the arms of the wheeler. On horizontal ground, with a 
barrow of ordinary proportions, the workman supports one-fifth to one-third of the total load, and 
the wheel supports tne remainder. The effort necessary to push the barrow is equal to the weight 
resting on the wheel, multiplied by the coefficient of friction of the wheel on the earth, and increased 
by the friction of the axle. The coefficient of work is greater, on the same soil, than with carriage 
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wheels, which are of much greater diameter. When the plane or path is sloped, the labourer brings 
hie hands nearer to the body of the barrow, and supports a greater fraction of the weight, diminishing 
by as much the load upon the wheel. The reduction in the effort of pushing thus obtained partly com- 
pensates for the increased work due to gravitation down the inclined plane. Practice, in accordance 
with the indications of reasoning, modifies the form of the felly of the wheel with the nature of the 
surface on which it is to roll. If the soil is soft, the folly is made broad ; if to be wheeled over a board, 
the folly, or even the whole wheel, may be of cast iron. It may be estimated that a common harrow 
will convey 60,000 to 70,000 loads, and traverse 1500 to 2000 miles, beforo becoming unlit for 
service. 

Brick-kilns. — Moran d’s kiln, for burning all kinds of firebricks and fireclay goods, consists of a 
tunnel-shaped building of brick, divided into chambers by partition walls, each chamber containing 
usually about 10,000 bricks. Along the whole length of the kiln and above the arch are placed 
steam fines, communicating with each chamber by means of side dampers, and with the chimney at 
the end of the kiln. Underneath the kiln, and forming the base of the side walls, are the heating 
flues, also communicating with each chamber separately and with the chimney. Both steam and 
hout fluos are provided with dampers in convenient positions. The steam or upper flues are used 
for oairyiug off the steam, during the process of drying the bricks witli the surplus of heat from the 
burning chamber, or the neat produced by the fires when tho kiln is first started. The heat or 
lower flues are to allow of the conveyance of the heat from any one chamber to any other chamber, 
at the will of the humor, for drying or steaming dry green bricks either backwards or forwards, the 
necessary draught for (hawing back the boat being given by tho steam flues above, which are in 
direct communication with the chimney. E'ich chamber is provided with two sido fires, ono at 
either sido, and holes or openings for the ingress and egress ot the bricks. The partition walls are 
provided with wickets for the passage of the heat directly from chamber to ohamber. These wickets 
aro temporarily blocked up with br.cks, which arc readily removed from tho side flroholes. The 
lai go opening in the oentro of the partition wall is to allow of the stacker placing the bricks regu- 
larly from one end to the other, and Is bricked up when the chamber is full. The top of the kiln is 
fiat, und provided with small round stokeholes, through which the dust coal is fed in small quanti- 
ties into tho ohumbers below. Tho surplus heat from the first chamber, when all the steam is driven 
oft, is passed forward into the second, to steam the bricks in advance before escaping into the steam 
flue. When tho last ohamber is reached the heat is brought back, through the lower or heat flues, 
into the first clmmber to partially dry the bucks therein, before passing into the steam flue, and 
tin nee to the chimney. The end fires are again lighted, and tho operation continued as before. 
By this arrangement the advantages obtained aie, that the bricks in each chamber are thoroughly 
steamed sepaiately, tho steam escaping by means of the top or steam flues before tho heat is 
al lowed to pass into the following chamber, which is a nwst important feature in burning fireclay. 

490 




In this way a flood oolour is obtained, and the risk of orushing down the brieks in advance is 
entirely avoided. Also, there is facility afforded by the combination of the steam and heat flues, for 
biinging back the heat from any given chamber to any other ohamber, in which it may be used for 
drying the brieks in the kiln itself, resulting in a considerable saving in fuel, the gases escaping to 
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the chimney being nearly cold. In Figs. 490 to 493, Fig. 490 ia a longitudinal section, Fig. 491 a 
plan. Figs. 492, 493, back and front elevations of this kiln. A A are the drying and horning 
chambers, C fireplaces, D stoking-holes, G smoke or steam fluos connecting the other floes and the 
chambers with the ohimney. 1 1 are the temporary openings for carts for removing the bricks, and 
J J temporary openings for setting the bricks, a a are division walls separating the burning and 
drying chambers; 6 temporary openings in these walls; dd are horizontal dampers connecting the 




chambers with the steam fluos; ec aro elicit passages connecting tho flues with the chambers, 
/dampers controlling communication through theso short passnges. qq are passages fiom tho 
chambers to the steam flues, closed when required by tho horizontal dampers d, ami the vertical 
dampers h ; there are also holes to allow steam to escape when tho kiln is first used ; y the dampor 
connecting the horizontal flues with tho chimney 

BRIDGE. 

The materials of which bridge s aro usually constructed have been already enumerated in tho 
article on Bridge in this Dictionary, with the exception of steel. Hitherto, this has not attained 
that degree of prominence in bridge building which lias boon uccorded to it in the construction of 
boilers, the manufacture of rails, and the building of ships. Recently, however, a few notablo 
examples of the erection of steel bridges, on a very largo scale, have presontod themselves. To 
these, as well as to the numerous points having a practical bearing upon the subject, we shall more 
particularly direct attention in the present article, and tho information which it contains is that 
which is derived from the study of tho description and analysis of existing bridges, and not of 
those which have nevor pas-ied the limits of the drawing office. 

There are certain data indispensable for proceeding with tho general design, o f determining 
the main features of any bridge ; these*, as will bo si eu, affect in a greater degree tho foundations 
and substructure than they do tho superstructure, although the latter is not by any means inde- 
pendent of them. In many instances, it is entirely at the option of the engineer whether ho 
employ a cast or wrought-iron girder, and the pirticular form or type of tho girder depends, 
frequently, altogether upon liis own judgment. 

Tho plan of the site of a bridge, including tho number and position of the abutments and 
intermediate piers, supposing the bridge to have more than one span, depends upon several 
conditions, which have to be carefully atte nded to. Tho desiderata are minimum oust and 
interference with exiting roads, rivers, canals, or railways, as the case may be. In the instance of 
a railway viaduct traveling a valley, the engineer, by a scries of trial calculations, determines at 
what particular span, generally between the limits of 30 feet and 100 feet, the combined cost of 
piers and superstructure is a minimum. In the case of a river, the spans arc determined similarly 
in some instances, and very differently in others. Thus it may be essential to avoid any inter- 
ference with the navigation interests, even when this course occasions a greatly enhanced cost, as 
such a reason, amongst many, frequently entirely outweighs mere economical considerations. 
Sometimes natural advantage* present themselves in the line of the proposed structure, upon which 
to erect intermediate supports or piers, and occasionally, but rarely, there are existing piers upon 

o 2 


196 


BRIDGE. 


which to carry a bridge, or a portion of it, as in the railway bridge over the Thames at Charing 
Cross, where two brick piers, which originally supported the towers and chains of the old Hunger- 
ford suspension foot-bridge, were utilized, as already described in the article Bridge. 

Sections . — A longitudinal section of the site, sufficiently extensive to include the approaches to 
the bridge, is equally necessary as the plan. The ehaiacter of the section, together with the 
borings, will give the depth of the foundations and the height of the superstructure. This is 
evident from an inspection of Fig. 494, which represents a longitudinal section of the site and 



approaches of the Kamos city bridge. The line B C D is the gradient of level of the railway, 
KF shows high-wuter mark, aud the position of the pieis is shown by the thick vertioal lines. 
One or more cross-sections should also bo mode at right angles to the centre line of the bridge, whore 
tho abutments and wing walls are situated, in order to determine the length of the latter, as will 
be seen further on. 

Foundations . — The subject of Foundations has been already treated of. See articles Construction, 
Bridge, Kailway Engineering, Docks, Water Woiks. But there are a few practical points in 
connection with it, which wa shall notice, as well as give a description of the principal methods of 
sinking cylinders under water. 

We are indebted, with the exception of a few additions, to Jules Gaudard’s remarkable paper on 
Foundations, presented to ihe Institute of Civil Engineers, in 1876, for tho following particulars. 

To ascertain the nature of the soil on which the foundations are to be laid, borings are generally 
taken, but they sometimes prove deceptive, owing to their coming on chance boulders, or upon 
adhesive clays which without being firm, stick to the auger, and twist it or arrest its progress, 
and the specimens brought up, being crushed and pressi d together, look firmer than they leally 
are. To remedy thebe defects some engineers have adopted a hollow boring tool, down which 
wator is pumped and reascends, by an annular cavity between the exterior surface of the tool and 
the soil, with such velocity that not only tho detritus scraped off by the auger, but pebbles also are 
lifted by it to the surface. This process is rapid, aud the specimens, which are obtained without 
torsion, preserve tin ir natural consistency. 

On stiff olav, marl, sand, or gravel, the safe load is generally from 55 to 110 cwt. on the square 
foot, but a load of 165 to 183 cwt. has been put upon close sand iu the foundations of tho Gorai 
Bridge, and on gravel in tho Loch Ken Viaduct and at Bordeaux. In tho bridge at Nantes there 
is a load of 152 cwt to tho square fool on sand, but some settlement lias taken place. Under tho 
cylindrical piers of tho Hzegodin Bridge in Hungary, the soil, consisting of clay intermixed with 
fine sand, wars a load of 133 cwt. on tho square foot, but it was deemed expedient to increase its 
supporting power by driving some piles in the interior of the cylinders, and also to protect the 
cylinders by shooting outside. Cylinders, moreover, sunk to a considerable depth in the ground, 
jMvssess a lateral adherence, as is evident from tho weights required for sinking them, which adds 
gicatly to tho stability of the foundations. Taking into a(‘count this auxiliary support, the loads 
of 159 and 117 cwt. on the square foot, at the bottom of the cylinders of the Charing Cross and 
Cannon Street Bridges respectively, are not excessive. On a rocky ground the Boquefavour Aque- 
duct exerts a pressure of 267 cwt to tho square foot. 

Bridge foundations may be classed as ordinary foundations, on land or protected from any con- 
siderable rush of water; aud hydraulio foundations in rivers or in the tea. When the ground 
consists of rock, hard marl, stiff clay, or fine sand, the foundations can be laid at once on the natural 
suifsce, or with slight excavations, and with horizontal steps where the ground slopes. At the 
edge of steep descents, with dipping strata, it is necessary to find layers that will not slip, or if 
there is such a tendenoy, to strengthen the layerB of rock by a wall, especially when it is liable to 
undergo decomposition r>y exposure to the air, or to use iron bolts uniting the layers of rock. On 
grouud having only a superficial hard stratum resting upon a soft subsoil, buildings have sometimes 
been erected by merely increasing the bearing surface, and lightening the supei structure as much as 
possible ; but generally it is advisable to place the foundations below all the soft soil. On An 
uneven surface of rock a layer of concrete spread all over affords a level foundation. Sometimes 
large buildings have been securely built on quicksand, of too great thickness to be excavated, by the 
aid of excellent hydraulio mortar, and by excavating separately the bed of each bottom stone. Such 
a building will be stable -if its pressure on the foundations is uniform throughout, and if it is placed 
sufficiently deep to^Ymterbalance the tendency of the band to flow back into the foundations. 

One m*' “* *hing a solid foundation, without removing the upper layer of soft soil, is by 

piljr u eans ot hie to d«©ay in many soils. Sometimes columns of mnsonry support the 

but pilos are liff&*w . laced farther apart than piles, it is neoessary to connect them with 
, superstructure, but bein$ pV^^wever, of viaducts supporting a heavy load must be carried down 
arches at the surface. Piers, h<sjf a a in the case of the viaduct of Otzaurta, on the Bio Salera, in 
in one mass to the solid ground*?© got through 65 ft. of silty clny to lay the foundations of a pier 
Spain, whore it was necessary tAreler to avoid getting out so large an excavation in one piece, a well, 
31 ft. long by 18 ft. wide. In 05 / 
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Fig. 495, wm dug 4 ft. wide, and extending across the whole width, 13 ft , of the pier, so as to 
divide it iuto two equal portions. A chamber 9 ft 10 in high, was then driven at t be bottom, like 
a heading, as far as the limits of one half of the foundations of the pier, and built up with masonry. 
The other half was similaily dealt with, and the excavation and masonry was earned up in 
successive lifts of 9 ft 10 in The oentral well served as means of } 

access for pumping water out, for the removal of earthwork, and the 495 

supply of materials 

To avoid the difficulty and expense of tmibi ring deep foundations, 
a lining of masonry is sometimes sunk, by gradually excavating tho 
ground underneath, and weighting the mast nry cj lindor, which is 
eventually filled in with rubble stone, conciete, or masonry, and fceiua 
as a pier 

In India a similar system has been followed for centuries for sink- 
ing wells, which we describe at length at page 200 

When the stratum of soft soil is too thick for the foundations to bo 
placed below it, the soil must be consolidated, or the area of the 
foundations must be sufficiently extended to enable tho ground to 
support the load. The ground may be consolidated by wooden 
piles but m soils where the y are liable to decay, pillars of sand, or 
mortar, or concrt te, rammed into holes previously bored, may be used 
Artificial foundations are also formed by placiug on the soft ground, 
either a timber framework, surrounded occasionally by sheeting, a 
muss of stone rubble, a layer of concrete, or a thick layer of fine 
sand, spread m layers 8 to 10 m thick, which, owing to its semi- 
fluidity, equalizes the pressure 

When the foundation is not homogeneous it is necessary to pro- 
vide against unequal settlement, either b) increasing the bearing 
surface where the ground is soft, or by canying 1111 arch ovei tho 
worst portions 

Bridge foundations m water are laid upon the natuial surfato 
where it is rocky, also on beds of giavel, sand, or stitt claj, socuitd 
against scour by aprons, sheeting, rubble stones, or other moans of protection When tho founda- 
tions are to be pumped dry, dams are resorted to it tho depth of water does not exceed 10 ft , and 
c speci illy whe rc the water is le ss de ep and rapid, and tho bank ie>rni8 one* sielo ot the dam 'I ho elam 
can bo made of clay, 01 oven earth tree fiom stems anel roots, with slopes of 1 to 1, tho wi 1th of 
the top being about equal to the depth e>f water, when the ele pth tlocs not exceed .1 it m a current or 
10 ft in still water The leakage! of a dam and the dangor of bleaches mcieuse s rapidly ill propor- 
tion to the he ad ot watc r 

Concrete makes a solid dam, but it is expensive t > 0 instruct ami difficult to w move 

A cofferdam with a double reiw of piles takes up less Mpuct, and is less liable to be woin away 
or breached than an earthwork dam The width of a coffeidam is oiten as great as the head et 
water , but if strutted inside , so that the clay acts us a wate r-tight lining, the width lie eel not e \e o el 
from 4 to 6 ft In a cotte relam of concrete at Mur sc llle s the widths were rule ulatecl at 0 45 ot tho 



total height , tho maximum wielth hael thus uttaine l 20 ft 

In building the viaduct at Lontnt, on a foundutiem dry at low water, a single r w of strutted 
piles, { tt apart, plankc el from top to bottemi on both sales, was uso 1, and the space liotwtin the 
planking, 10 111 wilt, was tilled with Hilt, piesstd dowu When the tilling is so much reduced 111 
thickness the planks arc carefully joined, and the clay mixed with moss or tow, or sometimes with 
fine gravel or jxmndod chalk As wate r leaks through joints and tonne ctious, tho tics are plat c el as 
high up as possible , and the bottom is stooped out or cle am d befeire tho clay is put m When tho 
silos of the part to Ik enclosed are aufli- 

cnutly close, they mnv be efiictuallv sup- 495 

ported by a senes ot stays, as was done in I | j, ~ JL 

making tho dam tor the construction of tho 

apron of the Mel un dam, Fig 4% where jiijiiiiv wj lE X l^ L 

struts were put in at intervals of 10J ft — lEUZZ jjwajlhir 

If large springs buist out m an excava- ~ ~ 

tion, they must either bo steppe d up with 
day or cement, or be confined within a 
wooden, buck, or iron pipe, in which the 

water rioes until the pressure is equalized, ,, , rf . 

and then is stopped up as soon as the masonry is sufficiently advanced and thoroughly set. 11 , now* 
ev. r, there is a general leakage over the whole bottom, it must be stopped by a layer of conorito, 
incorporated with the foundation courses . . ,, , , , 

Hollow timber frames without a bottom, and made water-tight at the bottom after being lowered 
bj eon. rote or clay, ore suitable m water from 6 to 20 ft deep on rookv beds, or where tlitnwmily 
a slight layer of silt This method was resorted to by Beaudemoujin, betwen 18.>7 and 1861, 
at the bt Michael, Solfenno, Change, and boms Philippe bridgo* at l ans Tho timber frame at 
the bt Mu hail’s Itndge was 15 ft 9 in high, 125 ft long, and 19 ft 8 m wide at tho base, with a 
batter of 1 in 5, the uprights were 6 in square, and hj ft ap irt the framiwork of 
and the planks of deal, 9 m by 8 in , the spaces between them bung covered by small laths 
nailed on to the planks Fourteen crabs placed on four boats supported tin framing, and let 
it down ns it was built up , this was weighted with stones to sink it on the foundations pre- 
ired by^redgmg, and the planks were then dipped between tho wallings, and beaten do*n 
lightly 
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At the Point da Jour the caissons were 131 ft long end from 26 to 38 ft. wide, and from 21 to 
26 ft. high. The long sides were put together flat on the ground, and were lifted up to allow of 
the short sides being fixed to them. A few hours sufficed for depositing the caisson in its place. 
Picard, in reconstructing the Bezons Bridge after the Franco-German war of 1870, used caissons in 
two portions, as the lower portion had to remain, whilst the upper portion was only needed for a 
time. Some nails and straps fastened the two portions together. A layer of clay was placed nnder 
tiio rubble toe outside, to prevent leakage between the concrete and the plunks This expedient 
was first adopted by Desnoyers, in order to pump dry foundation carried down into clay, so as 
to build masonry walls on the bottom without using concrete. At the Aulno viaduct, in Brittany, 
Dchnoyers and Arnoux made a caisson, Fig. 497, 75 ft, 6 in. x 34 ft. 9 in., and nearly 23 ft. 
high, and, with the exception of the bottom portion, caulked beforehand. When it was deposited 
the bottom planks were slid down between 
the lower sot of wallings, and a toe of puddled 
clay, A, protected from the rush of the cur- 
rent by canvas, was put round the bottom 
outBide. When the caisson, pnt together on a 
stage supported on eight boats 0, was ready for 
depositing, it was lowered till the projecting 
pieces B touched the ground, and by cutting 
the beams fastening these projections to the 
bouts, the boats were set free. As the tide 
rose the caisson floated, and the boats were 
attached to its upper part, which by lightening 
lifted it sufficiently for tho projecting pieces 
to be taken off. The dt positing was com- 
pleted by allowing the caisson, weighted with 
rails, to sink on the dredged bottom, os the 
tido fell. Thus, by tho help of water alone, a mass weighing 74 tons was safely and accurately 
deposited. Laige caissons have also been employed, with an interior dam of concrete forming a 
permanent part of the foundation, insteid of an external too of ciay ; and caissons have also been 
rnado water-tight by a dam of clay inside, which necessitates a somewhat larger caisson, but admits 
of the removal of tho timber. 

When a limit to the space occupied is immaterial, a sort of double-cased cribwork dam is 
frequently adopted. Although iron caissons are geuerally used for penetrating some distance into 
tho soil, there are instances of iron caissons being merely deposited upon the natural bed. 

The methods employed for laying foundations in the water, either on the natural surface or after 
a slight amount of dredging, have next to be considered. 

A rubble mound foundation is sometimes employed. Such a method, however, is little suitable 
for bridge-work, where a slight settlement would be injurious. 

Another method consists in sinking a framing, not made water-tight, inside which concrete is 
run, and tho framing remains ns a protection for the concroto, and is surrounded by a toe of rubble. 
If tho framing is of some depth, irou tie-rods are put in by divers after the bottom has been dredged, 
to enable tho framing to support the pressure of the concrete. When piles can bo driven the framing 
is flxod to them. The piles, 5 to 8 ft. apart, have a double row of walings fixed to them, between 
which closo planking is driven, from 10 to 14 in. wide and from 3 to 5 m. thick; aud sometimes, 
whon tho scour of a sandy subsoil has to be prevented, tho planks are gioovod and tongued, or have 
covering pieces put on by divers, or are driven in close panols. 

In jiermeable soils, foundations of concroto enclosed m frames are frequently employed, but in 
silty and water-tight soils, foundations in excavations pumped dry are preferable. 

Tho bed of the Rkono at Tarascon, consisting of sand and gravol, m which piles are difficult to 
diivo is subject to scour in floods to a depth of 46 ft. Foundations however, were laid there at consi- 
derable expense, by frames with double linings, 10 ft. apart, m which large blocks were placed with 
unhewn stones on them ; the ground was thou dredged inside the frames to 28 ft. below low-water 
lovel, and 2G0 cubic yds. of concrete dopositod in twenty-four hours. 

Lastly, concrete can bo deposited in situ for bridge foundations; and though concrete blocks are 
only used in sea-works, bags of concrete are sometimes employed, instead of rubble stones, for 
forming tho base of piers or for preventing scour. 

Piles are used where a considerable thiokness of soft ground overlies a firm stratum, when the 
upper layer has sufficient consistency to afford a lateral 
support to the piles, otherwise masonry piers must be 
adopted. 

The piles are usually plaocd 2J to 5 ft. apart, centre 
to oentro* A timber grating can bo fastened to the top 
of the piles, or a layer of concrete is deposited, or both 
grating and ooncrete, as tho grating distributes the load 
and strengthens the piles, Flankiug is sometimes put 
on the framing whioh distributes the pressure, as at 
London Bridge, but it is considered objectionable, os it 
prevents any connection between the superstructure and 
tho ooncrete, and increases tho chanoe of sliding. The 
spaoe between the piles, from the river bed to low water, 
is sometimes filled with rubble stones and sometimes 
with concrete, as in Fig. 498, whioh is loss liable to disturbance. When the ground is very soft 
a tiling of clay has been preferred on acoount of its being lighter than ooncrete. 

A mixed system of piling and water-tight caissons, of rubble filling and ooncrete, was adopted 
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at the Vernon Bridge. After the piles had been driven, the spaces between them were filled up to 
half the depth of water with rubble stones ; a caisson 10 ft. high w.is then plaoed on the top, and 
a bottom layer of concrete deposited in it. In a month's tune, the interior of tho caisson was 
pumped dry, the heads of the piles cut off, and the filling with cement concrete completed to low- 
water level. The caisson was out off to the level of the grating as soon os tho pier was abovo 
water. 


The load that a pile driven home and seoured from lateral flexion can boar, may bo estimated at 
from to l of the crashing load, which varies between 5700 and 8500 lb. on tho aq. in. 
Thus takiug a fair load of 710 lb. on the sq. in., a small pile 7 in. in di » meter will boor about 
12 tons, a pile 18 in. diameter about 80 tons, and a pile to bear tho load of 25 tons used as a unit 
by Ferrouet should be about 10 in. in diameter. 

In ofller to prevent tho danger of ovcrt’iming in silty ground, tho ground is sometimes first 
compressed by loading it with on embankment, which is cut away after a few months at thoso 
places where foundations are to be built. At the Oust Bridge it was o\ eu necessary to couneot the 
piers and abutments by a wooden aprou, which, for additional security, was surrounded by 
concrete, Fig. 499. The abutment 0 was made hollow to lighten it, and the embankment It had 
compressed the silty giound mn. At 

tho bridge of Bouehemaino, near 400 

Angers, the bending of piles, which 

traversed about 20 ft. of silt, has betn *j©’ .hmL * - 40 c 

stopped by surrounding them with Sf Hi 

great masses of rubble stones. WJLV m 

Occasionally foundations on piles 
have failed or sufftred great sets or p| 

Intend displacements. See article on - ^ ‘ i> . U A/? fU WPWsd* 

Pile Driver, at,p. 2016 of this Die- ^ 1 IR I p 

Floating caissons require a bottom ^ JjJd jWflm 9WWW 

carefully levelled on which to l>e 1 ' ' 1 A jit ' 1 ?/"™ ' * ' V 

lowered ; but usuidly this kind of i < 

caisson is deposited on piles cut off 

to one level. ThoM 3 caissons have oak bottoms and movable sides of fir, and enable tho masonry 
piers built inside to bo lowered on piles previously diiven. Tho oak bottom serves as a platform 
for the pier, and the movable sides can be used again for other caissons. At lvry, with only two 
sets of movable sides the four caissons were put in place in one nv nth. Tho bottom, which con- 
sists of a single or double platform, has timbers projecting undeimulh, which fit on to tho row 
of piles. Tho movable sides are somethin s ftiado in pan< Is, which fit into gioovos both m tho 
bottom framing and in upright posts, placod about 10 ft apart, which arc tononed nt the bottom 
and kept m place at the top, by transoms going across tho caisson. Tho different parts of tho sides 
are pressed together by tho bolt A B, Figs. 500, 501. In other instances the sides butt against tho 



vortical sides of tho bottom, against which they are pressed by koyed bolts D, Figs. 502, 5011, 
placed at intervals of 5 ft The caisson is kept near tne shore whilst tho first courses of masonry 
are being built in it ; it is then on a favourable opportunity floated over tho site of tho pier prepared 
to receive it end iB gradually sunk by letting in water. 

Screw piles have been principally used in England and in the United States; they will 
penetrate most soils except hard rock, and can get a short way into compact marl, through loose 
pebble and stones. £ 

Piles with discs differ little from screw piles except in tho method of sinking them. This 
operation is performed by sending a jet of water down a wrought-iion tube inside tho cast-iron pile, 
which washes away tho silty sand from underneath tho disc and causes tho pile to descend. 
Wooden piles, with a cast-iron shoe carrying a disc, might easily bo sunk in the same manner, the 
water-pipe being carried eccentrically through the disc. 

Hollow wrought-iron piles have also been forced down by blows of a monkey, in silty and sandy 
grouud interspersed with boulders, to a depth of about 60 ft. ; the thickness of tho piles being about 
| in., and the diameter 19$ in. 

Large masonry piers carried through thick layers of soft ground to a solid bed may be con- 
structed by various methods, and constitute the best kind of foundation in such a situation. 
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The method of cased wells is suitable, where the salt is sufficiently compact and water-tight to 
admit of pumping the well dry, and where the depth of water is smalt, and can be easily kept out by 
a cofferdam, or a caisson without a bottom. The well is sunk by the ordinary method of sinking 
wells or driving headings in silty ground. When the pier is so wide as to render strutting difficult, 
an outer ring can bo first lowered, which serves afterwards as a casing for excavating the inner 
portion. When permeable gravel or very liquid silt has to be traversed, it is necessary to reBort to 
tubular foundations. 


Cylindrical foundations are sunk with or without the aid of compressed air according to circnm- 
stances. These foundations possess two great advantages of being capable of being sunk to a 
considerable depth, and of presenting the least obstruction to the current. 

In a clay soil the cylinder acts as a movable cofferdam, which is sunk by being weighted, and 
enables the foundations inside to be built up easily and cheaply. Iron cylinders are preferred in 
certain cases to cylinders of brick, masonry, or concrete, on account of the ease with which they are 
lowered in deep water on to the river bed ; in spite of the disadvantages attaching to them of nigh 
price, of the considerable weights required for sinking them, and lastly of being only cases for the 
actual piers. 

In India, where this method is largely employed, the linings are made in radiating courses of 
bricks or stones ; the first length, from 5 to 10 ft. high, being put on a circular wooden framework 
placed on the surface of the ground. Very fine sand is used for filling the joints, except for the 
two or three top courses, which are laid in mortar, and the whole construction is tightly bound 
together. It is then gradually sunk by a man inside undermining it, and another length is placed 
on the top. As these operations are generally conducted in the silty or sandy beds of rivers 
which become dry in summer, there is no running water to contend with, but water percolates 
into the excavation, and then the natives use a jliam, a peculiar native tool, by which they remove 
the earth from under water. Although the external diameter of the wells haB been sometimes 
limited to 5 ft., the advantage of larger dimensions in securing a vertical descent has been always 



recognised. At the Western Jumna Canal rectangular linings were adopted with advantage. At 
the Solani Aqueduct, hollow cubes with sides 20 ft long, and at Dunown oblong or square linings, 
30 ft. long ana 20 ft deep, and subdivided into three or four compartments, were used. 

Imrie Bell added a pole to the jbam used by natives to save the trouble of diving, but even 
with this addition the process was slow. The foundations of the Poiney Viaduct, on the Madras 
railway, were put in by this method. In more recent works the curb is made of iron, or of iron and 
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timber, and angular. The excavation is now usually made by excavators or dredges, and the cylinder 
finally filled with concrete. 

The curbs for the Alexandra Bridge, on the Punjaub Northern Bail way. wero of hard timber, 
built up of wedge-shaped segments below and additional flat covering pieces above, all bn aking 
joint, and forming a ring of 2 ft. broad and 2 ft. deep. The component parts w< re securely fastened 
together with f in. bolts, and the bottom of the wedge was armed* with a cutter plate of &-inoh 
iron 12 in. deep, riveted' to a ring of S-m. angle iron, which was ng lin bolted to the timber, the 
wedge pieces or segments renting thereon. The outside diameter of the curb was 12 ft 6 in., corre- 
sponding to the size of the vnfil. The steming of the latter was 3 ft. 8 in. thick, reducing the 
internal diameter to 6 ft; therefore the brick woik was gradually corbelled inwards from the curb 
until the full thickness was obtained, hight tic-rods placed at equal distances around the curb 
were continuous throughout the steining. 

Fig. 504 is a quart r plan at top, and Fig. 507 a section of a combined iron and timber curb such 
as the above. Fig. 506 a quarter plan of the bottom. Fig. 505 a half plan of the upper Bide of the 
lower segments of timber. The scantlings out of which the segments are cut are Bnown by dotted 
lines, the position of the timber tie-bolts by the largo dots, and of the vertical tio-bolts by circles. 
The inner timbers have butt joints, the outer timbers overlap. 

50Y. 



Tho wells were built in five lengths of 14 ft. each. At the top of each length, a ring of bar iron 
was laid in the brickwork the tie-rods passing through it and being Berowed down tight by a nut 
6 in. in length. Tho next length of tie-rod was screwed into the upper half of this nut or coupling, 
and so on. Thus each length of well was a compact cylinder m itself, capable of being pulled hom 
side to side while sinking without injury to tho brickwork. The curbs weighed 3 tons each. 

The practice at the Ravi Badge, was to huild a cylinder of brick 12 ft. 6 m. in diameter, and of 
the same height, and sink it fiom 10 to 12 ft Another length of 12 ft. 6 m , total 25 ft , was then 
addtd, and sunk about 20 ft ; next u length of 25 ft of cylmdor, totul 50 ft., was built and sunk, 
as far os possible without weighting, usually 35 to 40 ft. Finally a length of 20 ft. was built, com- 
pleting the 70 ft. of cylinder which was suuk without furthir weighting, sometimes to 00 ft , when 
a load of 150 tons of rails commonly sufficed to complete tho sinking to 70 ft. The greatest load 
required for any well was 250 tons. At the commmcoment of the works tho curbs were pitched 
6 in. apart, and much difficulty was experienced from tho cylinders drawing together. This wns 
effectually remedied by pitching the remainder 2 ft apart. When cylinders have to bo sunk to great 
depths, they should probably not bo nearer together than £ of their diamoter, 2 ft. being tho mini- 
mum distance. The average progress with the largo cylinders at Ravi, was 2 ft. a day of sinking, 
or 8 in. a day of actual work, including building and loading. 

Fig. 508 is a quarter bottom, Fig 509 a quarter top plan, Fig 510 a vertical section, Fig. 511 
enlarged sections on the line C C of the gusset, tic-bars, and thoir connections, of the wrought- 
iron curbs as used at the Chumbul Bridge, Sindia State Railway ; Fig. 512 being the development 
of the conical plate. 

Figs. 518 to 516 are quarter plans on the radial course A, bottom B, third course C, and 
top D respectively. Fig 517 half section, and Fig. 518 half elevation, of the combined iron 
and timber curbs for 18 ft 9 in. wells, employed ior the foundations at tho Sutlej Bridge, on the 
Indus Valley Railway. 

At the Glasgow Bridge the lining was of cast-iron rings, being easier to lower in mid-stream; 
but for the quays and docks on the Clyde, linings of concrete and brickwork were adopted for the 
sake of economy. Milroy considers that with concrete, which can be moulded to an edge at the 
bottom, all metal additions may be omitted where only silt and sand have to be traversed, and that 
the bottom ring should be of iron for penetrating harder soils. In the Clyde extension works, the 
wells were filled up with concrete, and a double row of cylinders 9 ft. diameter adopted in preference 
to a single row of 12 ft. It would be possible in this arrangement to take out the sand between the 
adjacent cylinders, and form them into a solid mass by filling up these interstices with concrete. 

The foundations for the piers of the Kansas City Bridge, U.S., were sunk by Chanute and 
Morrison, who used open caissons carried down to the bed rock, or to a hard gravel into which 
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method. The left ride of Fig. 519 is a section, and the light an exterior view, of one half; 
Rg. 52° being a otoea Motion of the works. The caisson was 70 ft. long, 20 ft 6 in. wide, and 
11 ft in height ; the sides were of square timber, the main sill* of oak; the seven ■n~^i.r. g 
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courees of pine placed on edge, the two upper timbers of oak, and a triangular pieoe of oak was 
placed below the main sill. The courses were pinned together ami bolted to uprights* the outside 
being covered with two courses of 8 in. oak planks planed. Within this outer wail was placed au 
inner one framed of oak timbers, inclined inwards, and stayed by iron bolts binding them to the 
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outer walls. Three V-shaped cross walls divided the interior of 
the caisson into four chambers, the cutting edges of both main 
and cross walls being protected by a covering of -fc in. boiler 
plate. The whole was caulked, and the interior coated with roofing 

{ fitch. The caisson was provided with a false bottom, placed 
>elow the cutting edge ; this was removed as soon as the caisson 
was floated into position. Four large endless chain dredges 
served for excavating. After the caisson was brought into posi- 
tion, the openings into the lower chambers were surmounted by 
timber boxes, this being continued from time to time as the work 
progressed. When the hollow walls of the caisson had been 
filled with b&on, a second section was built al>ove it, this being 
an open frame structure covered with planks and also filled with 
beton, the entire structure thus becoming purely the covering of 
an artificial monolith, carrying the masonry of the pier above. 

The plan adopted at the Kansas Bridge admits of wide applica- 
tion, and by slight modification can be combined with the pneu- 
matic method, in such a way as to allow of extraordinary ob- 
stacles being removed by men, whilst the entire sand excavation 
is made by machinery. Where facilities exist, caissons should 
preferably be made of iron. 

The extension of the system of sinking cylinders by dredging 
must depend chiefly on improvements in the dredging machinery, 
of which the successive steps in advance already attained may 
be noticed. 

The jham in India was superseded by Kermard’s sand-pump, 

Fig. 521. A is a wrought-iron cylinder, having a pump E riveted 
to it at the top by an angle iron. In this cylinder is a piston 
F fitting loosely, having a play of about $ in. all round. It is 
made of lead, and is pierced with small holes, to allow of the escape of the water as it descends, 
and on the top it has a flap of leather or indiarubber. It is protected by plates of iron |-in. thick, 
at top and bottom, and on the sides by an iron ring £ in. thick. The piston rod passes through a 
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guide G, and terminate* in an eye H at the upper end, to which a chain is attached to work it 
The bottom B of the cylinder is movable, and an upright suction pipe C is riveted to it at the centre. 
This pipe projects outwards for a distance equal to its own diameter, and inwardly nearly to the 
top or the cylinder. The movable bottom is supported by cramps 6, turning in the four movable 
stiffening pieces D, riveted to the sides of the cylinder, the cramps being tightened by cottars 6'. 
At the top are eyes for lifting and lowering the pump by slings S. The holes a, fitted with the 
hinged flaps, are to allow the escape of wat<r as the sand fills the cylinder, and a large hole 
out out of the centre allows the pump to woik. With this machine a well, 12$ ft. in diameter, was 
sunk in the Jumna 8 or 10 in. an hour by fourteen workmen. As the Kennard pump was not 
able to work in the compact clays and conglomerate met with in rebuilding the bridges over the 
Bess and the Sutledj, Bull's dredger was udopted, which consists of a semi-cylindrical case with 
iaws opening in two quadrants, like the American dredger of Morris and Cummings, it has 
been observed, however, that when it met a hard stratum, a descent of only 2 ft. 10 m. was accom- 
plished in three months, whereas in the upper layer the progress was much more rapid than with 
the sand-pump. 

Next came Milroy’s excavator, Figs. 522, 523, which consists of a frame of iron, with an outside 
rim 9 in. in height, to which ladiate | irons from a ring m the centre. To the bottom are b d 
eight heavy spades, which, when drawn in, fit closely into each other, with their points p' 
against tho ring in the centre of tho frume. The hinges are constiuctod so as to prevont i 



back beyond the perpendicular when tho spades open, or when forced into tho giound The 
movements are effootod by two sets of chains ntta< hod to a hoisting chain A, Fig 522, this 
passing over a pulley aloft, on to the barrel of a double-acting 12 H.P. uigmo. The first at of 
chains, all of equal length, are fastened at one end to tho 11 m. At the other end they unite into 
a single chain, which is connected to a clutch C. These aro for lowering, and when the tool 
hangs by them tho spados fall open from their own weight. The second set of chains D are eight 
in number, of oqual length, ana fastened at one end to the inside of a spade, and at tho other to 
tho end of the main chain. 

Before lowering the excavator, the chains B are hooked up, to the extent of their length of single 
chain, on the monkey-hook 0. As soon as the spades aro felt to be in the ground, the clutch 0 is 
disengaged by means of a rone, and tho chains slaokeued. When this takes place, and tho engino 
begins to pull in the mam chain, tho chains D, being now shorter than tho other set, are brought 
into play, drag the spades through the ground, and raise tho whole to the landing-stage. A lorry 
is thon hushed in underneath. The chains B are hooked up, the machine is ruised a little, when 
the spades fall open the material is emptied into the lorry. In order to force the spades into the 
ground, two timber guides are lowered down on opposite sides inside the cylinder, and are 
maintained at the proper distance apart, by being fastened at their lower ends to a strong iron hoop, 
and at the upper to the cylinder itself. As the depth increases, additional timbers and hoops are 
added. These guides have no connection with the cylinder except at the top, and can be easily 
removed. Each guido is composed of two timbers 6 in. by 4 m. ia stoned together, between which 
is fixed at either end a pulley. A separate chain F fastened to the top of an upright T iron passes 
down the cylinder, under the lower and over the upper pulley of a guide, ana is wound round 
the largo axle of a capstan on the landing-stage. When this chain is tightened, it tends to force 
the spaaeB into the ground, and to keep the machine down while they are being drawn in 

At the Glasgow Bridge, one of the works where Milroy’s excavator has been employed, the 
progress was, on the average, 11$ ft a day, and the maximum 20 ft. Another machine to effect 
the same punx se is the screw-pan, used at the Loch Ken Viaduct, a conical perforated vessel, the 
diameter at the top being 2 ft., and furnished at the bottom with a screw which enters the ground 
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a ?f Zlr'T! th ?. V688 f 1 f re retained by little leather valves when 
Instrument is lifted. It works well in silt and clay; in h irdor soils a smaller vessel is 


when turned, 
the tftatrume 
needed. 


The boring head use I by Leslie, at the Gorai Bridge, consisted of a revolving plane with 
blades undorneath, able to disintegrate hard clays and compact sand ; this is worked inside tho 
cylinder, and at the same time the excavated material is drawn up and removed from tho cyliuder 
by a siphon. To maintan an upward pressure in tho siphon, the lovoi of the wat*r in tho 
cylinder is always kept higher than in the river. Tho boring head made one revolution in about 
one minute and a half or 2 mimxU s, a id excavatod through clay and sandy silt at a rate of about 
1 foot an hour. One advantage possessed by this system is that the rato of progross is independent 
of the depth. Tho side piers of the Gorai Bridge were sunk 121 ft. below tho surface, and the river 
piers 98 ft. below low-water level. The mizers used in siuking wells for water supply, may also be 
applied to cyliuder foundations under suitable conditions. The system of sinking by dredging is 
generally to be preferred to the compresao 1 air system, except where numorous obstacles, such as 
boulders or embedded trees, are met with. 


At tho Kistna Viaduct in India, the piers are very irregular, varying in height from 34 ft. to 
76 ft. 6 in. ; each pier consists of two columns of wrought-iron cylinders 10 ft. diameter at the base, 
tapering to 7 ft. at the top. The vertical joints are formed intomally of continuous T iions, riv«t< d* 
through to outside stiips. The ends of each cylinder were planed to form horizontal butt joints, 
with strips inside and out. The cylinders were suuk to the undirlying rock, and there hold down 
by light bolts, each 2 ft 1 m. long, by 1J in diameter. Holos drilled in tho rook allowed these bolts 
to be let in head downwards, the screwed ends being attached to the cylinders, and tho spaces iilh d 
in with Portland cement. The cylinders are filled in with commit eoncrote, and iiniahod with stone 
caps, which form the bases for tho bed girders, placed directly on tho concrete. 

Fig. 524 is a section of the arrangements made for erecting the cylinders, and filling in tho 
concrete at Kistna. An annular platform surrounds tho cylinder, suspended from radial arms 
which aie carried by sheer legs. Tlioro aro eight arms, 

one for each cyliuder segment, and these aro ti mj)orarily Ba i. 

attached to the work ; as this piogresses the sheer legs 
are elevated by the central log, carried upon the trestle 
resting on the concrete. The materials aro raised to tho 
staging by a lift and tackle, as in Fig. 524, where two iron 
plates are seen being thus mised. To prevent oscillation 
the staging is made fast to the cylinder after each shift. 

Tho friction between cylinders and tho soil depends 
on the nature of the soil and the depth of sinking. For 
cast iron sliding through gravel, the co-efficient of fric- 
tion is stated by Gaudard to be between 2 and 3 tons on the 
sq.‘ yd. for small depths, and reaches 4 or 5 tons where 
the depth is between 20 and 30 ft. In certain adhesive 
soils it would l>o more. In sinking tho brick and con- 
crete cylinders in the silt of the Clyde, it was tound to 
amount to al>out 3} tons a sq. yd. 

In applying cylinder foundations, it is important to 
know the amount of frictional resistance in vurtouH strata 
and at different depths, in order to determine' tho load 
necessary to overcome this resistance, or to determine the 
depth to which a pier must be suuk to cairy the load. 

According to A. SchraoU’s experience, not only the nature 
of the soil but also the shape of the column influent s 
the frictional resistance, the latter being smaller for cast- 
iron cylinders and rectangular caissons than for caissons 
of an oblong section. The details given in Table I. relat * 
to tho application of cast-iron cylinders, or of wrought- 
iron riveted caissons with vertical sides and with casings 
roacliing above the water-level, for strata uhioh form ttic 
bed of the Seine, lthine,and Danube. In determining the 
frictional resistance, the following conditions must lie 
observed ; — The tube or caisson must bo vertical. It must 
be free on all sides, neither attached to the guide chains 
nor resting upon its lower edge, but only kept in equi- 
librium by its weight, by the friction on its circumfi r- 
enee, and by the internal air pressure. 

To obtain these conditions, the total weight of the 
cylinder must be liss than the frictional resistance plus 
the weight of the displaced water ; or else sinking takes 
place without air being let off, and without the cutting 
edge being undermined. If these conditions be fulfilled, the air pressure shown by a gauge is 
recorded, the safety valve opened, and after the siuking motion of the caisson has begun, the 
air pressure is again observed and the valve rapidly closed. The beginning of the motion indicates 
that the effective air pressure, together with the friction at the circumference of the caisson, have 
become slightly smaller than the total weight of the cylinder. 

As coefficients of friction relating to materials and surfaces which occur m cylinder founda- 
tions were unknown, A. Schmoll determined the following by direct experiment with a 
dynamometer. 
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Table I.— Fbiotional Besistanoes of Pneumatic Foundations. 

m. 


Description of Materials, 

Coefficients of Friction. 

Beginning of 
Motion. 

During 

Motion. 

Beginning of 
Motion. 

During 

Motion. 

For Dry Materials. 

For Wet Materials. 

Sheet iron without rivets on gravel mixed 1 

with sand / 

Sheet iron with rivets on gravel and sand 
Oast iron unplaned „ „ 

Granite roughly worked „ „ 

Fine sawn „ „ 

Sheet iron without rivets on sand .. 

„ with ,, „ .... 

Oast iron unplaned „ „ .... 

Granite roughly worked „ 

Pine aalm „ 

0*4015 

0*3965 

0*3677 

0*4266 

0*4088 

0*5361 

0*7269 

0*5636 

0*6473 

0*6633 

0*4583 

0*4911 

0*4668 

0*5368 

0*5109 

0*6313 

0*8391 

0*6063 

0*7000 

0*7340 

0*3348 

0*4677 

0*3646 

0*4104 

0*4106 

0*3655 

0*5156 

0*4744 

0*4728 

0*5787 

0*4409 

0*5481 

0*4963 

0*4800 

0*4985 

0*3247 

0*4977 

0*3796 

0*5291 

0*4793 


Each figure is the average result of at least ten experiments. All materials drawn horizontally 
over the gravel or sand ; the latter was bedded as solid as it is likely to be in its natural position. 
The riveted shoot iron contained twenty-five rivets on a surface of 4*22 sq. ft., the rivet heads 
were half round and of H in. diameter. 

The rosults of trials in sinking caissons as conducted by Schmoll show clearly that, in homo- 
geneous strata, the resistance on each unit of frictional surface decreases with the increasing 
depth. From this it is to bo concluded that the density and cohesion of these Btrata augment with 
increasing depth, and therefore the pressure upon tho sides ot the column becomes less than in the 
upper strata. 

Passing on to the oonsidoiation of tho pneumatic systems, the process of Dr. Potts was ono of 
tho first employed for sinkiug tubular foundations by the help of air. The cylinder in process of 
bein £ sunk was connected with a vessel, Fig. 525, in winch a \acuum was produced, and a com- 
munication betwoon thorn being suddenly made, a shock was 
produood by tho rush of air. The only advantage in tho B215 * 

systom was using air for applying a downward pressure on 
the cylinder, as dredging had stii) to bo resorted to tor 10 - 
moving the earth from the inside, and moreover, theio was a 
considerable influx of tho surrouuding soil, and frequent 
divergences from tho perpendicular Tho difficulties ot tho 
Potts process iuertaso with tho size of tho cylinder, and for 
sinking tho cylinders, 10 ft in diameter, of the Shannon 
Bridge, it was abandoned after an unsuccessful attempt. 

The vacuum barge system was employed in the Tuy Bridge 
foundations by Hooves and Biattie. In tliiB a senes of pumps 
diuw tho sand through tho centre of tho cylinders with great 
rapidity and ease, the cylinders sinking by their own weight 
as the sand is removed. Upon a barge or lighter lour 
cylindrical wroucht-iron receivers aro fixed, c ach about 5 ft. 
in diameter, to which are connected aii pumps for i xhaustin/, 
and tho engines required to work them. Tho bottom of each 
receiver is fitted with a trap-door opening outwurds over a 
hopper, and to the top is attached a flexible tube*, which ex- 
tends ovor the side aud to tho bottom of tho hollow pit r. 

As soon'as tho cylinder is Bunk to the bed of the river, this bargo is placed alongside it, and tho 
flexible hose being directed by divors, inside tho pier, tho receivers are exhausted by the air pumps, 
and tho sand and wator rush up tho cylinders to fill the vacuum. As soon as one receiver is 
full, the turn of a handlo opens another, and tho Bumo piocoss is repeated, the air pumps being 
kopt constantly at work. A small air valve destroys the vacuum in the charged vessel, and the 
fall of the trap-door liberates tho sand, which fulls into tho river again, but outsido the pier instead 
of inside. By the adoption of four receivers constant working was secured, and the rate of sinking 
was rapid. The general dimensions ot tho sand pumps are ; diametor of cylinder, 7 m. ; stroke, 
12 in. ; diameter of air cylinder, 12 in. ; stroke, 12 in. ; steam, 50 lb. Each tank holds 60 cub. ft., 
and it takes from ono to three minutes to fill one tank, according to tho depth. 

Tho method of compressed air for enabling opeiatious to be conducted under water, introduced 
by Triger, is merely a modification of the diving bell. 

ThooretioaUy, when the lower edge of the cylinder has reached a depth of h ft., the pressure 

required for driving the wator out of the excavations is atmospheres ; but frequently the 



intervention of the ground between the bottom of the river aud the excavation, enables the work to 
be carried on at a leas pressure. A considerably greater pressure would be required if water had to 
be forced from the exoavation through the soil below tho river bed ; but this is avoided by placing a 
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pipe inside to convey a wav the water, and Triger found that the lifting of the water was facilitated 
by the introduction of bubbles of air into the pipe at a oertain hoight 

Pressures of two or even up to three atmospheres do not injure healthy and sober men, and suit 
best men of a lymphatic temperament, but prove injurious to men who aro plethoric, or have heart 
disease It is advisable to avoid working m hot weather more than four hours a day, or six weeks 
consecutively From experiments on animals Bart has found that the aooidents caused by a 
sudden removal of pressure, are due to the escape of the excess of gas absorbed by tho blood, and 
the usual rule now is to allow one mmute an atmosphere The cylinders subjootod to pressure, 
should be furnished with safety valves, pressure gauges, and alarm whistles, as explosions occa- 
sionally occur. 

Iron nngs from 6 ft to IS ft in diamoter aro oast in one piece, and a caouti houo washer intro- 
duced at tho jomts between the nngs , cyhndors of larger diameters aro cast m segments, and 
cylinders of smaller diameter than 6 ft are rarely used Tho thickness is usually 1 \ in , increased 
to 14or 1} in where exposed to blows, m conical joining lengths, a»d m the bottom length 

When two cylinders have to bo sunk close together, it is best to Bink them alternately as they 
tend to come togethor when sunk at tho same time Sometimes where evlmdora of small diamoter 
have to be used, the excavations are extended beyond tho oyhndor At tho bottom, and filled with 
concrete to give a greater bearing surface , another way of accomplishing the sumo object is to 
eulargo the lower nngs of the cylinder, and put m a connecting conical length 

The cylinders at Bordeaux wore forced down by Btrong beams of wrought iron, movod up or 
down by the pistons of four hydraulic presses, having 1 1 ft length of stroko and exerting a prossuro 
of 60 to 70 tons at Argentouil, where eyliudors 12 ft in diamoter had to bo sunk, tho concreting 
inside was carried on during tho sinking, leaving only a cncular shaft in tho contre 3 ft 7 m m 
diameter, lined with wooden framing, and onlurgt a at the bottom to a conical shape , by u soit of cage 
of inclined beams butting against the bottom of the shaft, 1< igs 520, 527 The cylinders wore sunk 
on the average 50 ft below low-water level, through mud, sand, gravel, and clay, on to marl or 
limestone, and foui screw-jacks ot 20 tons power, supported the bottom ring by means of flat non 
straps After tho sinking was completed, the chiunUr at tho bottom was filed with onmnt 
concrete, poured around iron pipes plaood near the silos, so as to maintain the air during tho 
operation When this layer of ooucroto was sot tho pipes wero closed with cement, tho normal 
pressure restored and the shaft filled up with concrc to Cone it to deposited under compressed uu 
appe irs 1 1 set quieku, and to mere *se somewhat in strength, provide d it is dejxisitc d in ydn layers 
allowing tho excess of watu to escape, which may be effected by mixing very dry bricks with tho 
concrete 



Tho foundations of the purs at the Kthl Fridge were accomplished by Fleur Saint Denis and 
Vuigner, by a combination of the principle g of the compre ssed air process, the sinking of a pier bv 
its own weight, the sinking by dredging, and the cofferdam syste m, Figs 528 to 530 As tho bi d 
of the Rhine, at Kohl, consists of large masses of gravel, liable to be disturbed to 55 ft below low- 
water level the foundations were earned down al>out 70 ft For the two centre piers the ehamber 
of excavation was divided into three caissons, the length of each being 18 ft 4 m, tho width of tho 
foundation For the pie rs forming the abutments for the bridges there were four caissons, 
each 23 ft long, the breadth of all the canteens being 19 ft The phte iron forming the caissons 
was { in thick: at the top, and m thick at the sides, and strengthened by flangt § and gussets 
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The top was strengthened by double J beams for supporting the weight of the masonry above. 
There were three shafts to each caisson, two being air shafts 3$ ft. in diameter, one being in use 
whilst the other was being lengthened or repaired ; the other shaft in the centre was oval, open at 
the top and dipping Into the water in the foundations at the bottom, so that the water could rise in 
it to the level or the river. In this shaft a vertical dredger with buckets was always working, and 
the labourers had only to dig, to regulate the work and remove any obstacles. The screw-jacks 
contiolling the rate of descent had a power of 15 tons, and were in four pairs. The wooden framing 
serving as a cofferdam was erectod above the chamber of excavation ; it was useful at the com- 
mencement for getting below the water, but might subsequently have been dispensed with. It was 
also found that the caissons were sunk better in one division than in several divisions, and doors of 
communication were accordingly made tli lough the double partitions. The iron linings to the air 
shafts were removed before the shaft was filled up. The shaft containing the dredger was at first 
mado of iron, but Afterwards of brick for the sake of economy. The sinking occupied sixty-eight 
clays for one abutment, and thirty-two days for the other, giving a daily rate of 1 ft. 1 in. and 
1 ft. 8$ in. respectively. The sinking of tne caissons for the intermediate piers took twenty to 
thirty days, which gives a daily rate of 2 ft 7$ in. 

For large woiks, where the load on the foundations is considerable, carrying down the founda- 
tions to a hard bottom is much better than piling The dredger used at Kehl cannot bo regarded 
as universally applicable. Some soils are not suitable for dredging, and in other cases the Bmall 
amount of excavation renders the addition of an extia shaft inexpedient. The chambor of exca- 
vation is almost invanably made of plate iron, but unlike those at Kehl, w ith the iron beams above 
the celling instead of below, so that tlie filling in could bo accomplished more easily. The cutting 
odgo is always strengthen! d by additional plates. At Loriont the th ckness was 2A- in., with 
several plates stopped back so as to form a sort of edge ; the sides were about -$ m. thick at the 
bottom, and -f 6 in. at the top, and tlio roof wus cuived a little to increase its strength. At Vichy 
the plates wero about $ in. thick. At La Voulta, Hollnndsch Diip, and Lucerne, a sort of masonry 
lining was placed against the iron plates, and kept in place by gusset plates, to afford greater 
rigidity against the pressure of the earth. At St Maurice, wooden struts were put in at the base 
ot the caisson, and also halfway up to support tlio sides. In consequence of these modifications, 
the caisson at Lucerne, 55$ ft. by 18$ ft., weighed only 28 tons ; the caisson at St Maurice, 32$ ft. 
by 14\ ft , weighed 14 tons; whereas at Kehl, a cuisson 23ft. by 19 ft. weighed 34 tons, at Loiient, 
39$ ft. by 11$ ft. weighed 27$ tons, and at Riga, 64$ ft. by 16 ft. weighed 45$ tons. The hi iglit 
of the chdhibcr of excavation should be about 8 ft. 10 in. Frequently the cofferdam casing is of 
iron, which piotocts the newly built masoniy fiom friction ; and tho upper portion of the casing 
can bo removed. At Loritnt there were two air locks, Figs. 531, 532, each connected with two 
shafts, m which balanced skips went up and down. 

On tlie top of tlie bottom caisson a casing of sheet 
iion, from ^ to £ in. thick, and weighing about 15 
tons, was erected m successive rings. 

The Americans have adopti d the pneumatic system 
for some largo works and mtioduced improvements. 

At tho St Louis Biidgo the foundations wero earned 
to a greater depth than had been previously attained ; 
and at the East River Bridge, New York, compressed 
air was used ill wooden caissons of laige dimensions. 

Tho section, Fig. 593, shows tho interior of the 
caisson in tho St Louis Bridge, with the main entrance 
shaft, tho air-chambt r, and working purts of one of 
the pumps employed for excavating the sand. A A 
arc tlio air locks, B B tho air chamber, 0 C tho timlx r 
girdt rs, D tho discharge or sand pump, G G the s.do 
shafts, H the wrought-iron casing, II timber biacing 
Tho chumbor is divided into throe equal paits by 
timber beams GC, running in a direction at right 
angles to that of the iron gilders above the roof. 

Insit pieces of plate iron are connected to these 
beams at intervals, to stiffen and support the roof. 

Tho bottom of the caisson pi ejects a couple of feet 
below the timber beams and sills, so us to lorm a cut- 
ting edge. 

The sand was forced up by a pressure of wator amounting to 150 lb. the sq. in. One pump, 
having a boro of 3J m., lifted 20 cub. yds. to a height of 125 ft. an hour. The masonry inside. Fig. 
533, was built up as tho caisson sank upon the air chamber. When the rock was reached, the 
blmft8 and tho air chamber below weie filled with concrete, and thus becoming one solid mass, 
constituted the real foundation or basis of the permanent structure. The caisson, HH, of plate 
iron $ in. in thickness, was removed to be used again as required. 

Fig. 584 represents the plant employed in laying the masonry and sinking tho caisbon. A A are 
the dtek irons on the pontoons BB, FF hydraulic jacks for raising materials, K wire cable for 
supporting travelling purchase's, MM shalts for starting and stopping the same, NN valve 
hydraulic jacks for raising and lowering materials, O air pumps and engines, Q hose for sup- 
plying air, SS screws for keeping the caisson level befoie reaching tlie sand, W W guide piles for 
caisson X, Z Z trusses for guide piles. It will be seen that a number of wrought-iron piles, about 
8 ft 6 in. diameter, aie arranged lound the caisson, and that these carry upon the framework they 
support a set of screws, each 25 ft. long, for maintaining the level of the caisson until the sand is 
readied. On the outside of the guide-piles are placed two pontoons, carrying double jibs, which 
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project on one side over the flats bringing the material, and on the other, meeting over the centre 
of the caisson. Between these are stretched wire cables, 2Jin. in diameter, upon which run 
travelling purchases, that have a capacity of 11 tons, and a range of 100 ft. These were worked 
by hydraulic machinery in the usual manner. 

The Brooklyn pier was to be carried 50 ft, and the New York pier 75 ft below high water. To 
provide against unequal sinking, owing to the variable nature of the soil, consisting of stiff clay 
mixed with blocks of trap rook, Boebling decided' to place the bottom of the piers upon a thick 
platform of timber, forming the roof of the working chamber, of which Fig. 535 is a half section. 
The sides were also made of wood, as being easier than 
iron to launch and deposit on the exact site. The roof 
consisted of five tiers of beams, 1 ft deep, of yellow 
pine, plaCed one above the other and Crossed, the beams 
being lightly connected by long bolts. The working 
chamber was 167 X 102 ft., and 10 ft. clear height 
The side walls had a V section, with a cast-iron edge 
covered with sheet iron ; the walls had a batter inside 
outwards of one to one, and one in ten on the outside. 
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litionB 2 ft. thick at the 
e the sinking. When tho 



caisson had been put in place, twelve tiers of beams 
were added on the roof of file chamber of the Brooklyn 
pier, and nineteen on that of the New York pier, so 
that tho top rose above water, and the masonry could 
bo built without a cofferdam lining. The excavation to the extent of 19,600 cub. yds. was per- 
formed in five months, by a scoop dredger, working in two large shafts, dipping into the water at 
the bottom and open above. When hard soil was met with, tin se shafts were shut, and tho excava- 
tion perfoimed by manual lubour under compressed air. In the New York caisson the total number 
of shafts was nine. The bloeks of trap rock impeded the progress considerably ; they had to be dis- 
covered by boring, and shifted or broken before the caisson reached them, t^hen under 26 ft. of 
water they could be blown up; this enabled the rate of progress, which had been 6 in. a week, to 
bo doubled and trebled. When the caisson had reached a compact soil, it was possible to reduce 
the pressuio to two-thirds of an atmosphere in excess of the normal pressure, and water had 
occasionally to be poured into the open shafts to maintuin the proper water level in them. By 
frequent renewal of the air, a supply was furnished for 120 men, and for tho lights; and the 
temperature was kept nearly constant throughout the year at 86° within the caisson, while in the 
opon air it varied from 108° to 0 W . As tho loud increased as the caisson went down, the roof of the 
Brooklyn caisson was eventually supported by seventy-two brick piors, so that the caisson might 
not become deeply embedded in the event of a sudden escupo of air. In the New York caisson 
two longitudinal partitions were added, which served the same purpose. 

In the silty Bund that was frequently met with, a discharge pipe, up which the sand was 
forced by compressed air, provid very useful, discharging a cub. yd. in about two minutes. The 
New York caisson, 170 ft. X 102 ft., was sunk m fivo months ; the earthwork removed amounted to 
26,000 cub. yds. The cheapness of wood m America permits a much freer use of it Uu re than 
could bo attempted in Euiope. 

When the water-tight nature of the lower soil in the foundations of the East River Bridge is 
consult red, coupled with the inconveniences experienced in working under compressed air, it 
set ms probable that in some future large work it may be possible to commence 
sinking a large caisson with compressed air, and after a better stratum is 
roachoa opon all tho shafts. The operation could then be completed by pumping 
out the small amount of water that might come in, and excavating in the 
ordinary way, as is often done in England, on a small scale, where the excavation 
to sink tho cylinders to a water-tight stratum is performed by divers. If, as 
Morondiisre suggested, tho air-lock was plaood close over the working chamber, 
or even iuside it, which would save constant alterations and allow of its being 
of larger dimensions, it would be desirable to have a special air-lock at the top, 
so that in the event of an accident the men might run up the shaft, without 
tho delay occasioned by passing through the air-lock. At Bordeaux tho 
air-lock was formed by fixing one circular plato on the top, and the other 
at the bottom of one of the ringB of the cast-iron cylinder, so that it was 
unnecessary to remove it eaoh time that an additional ring was added. To save 
loss of air, tho air-look should be opened very seldom, or made very small if 
required to be opened often. At Argenteuil the air-lock, Fig. 527, had an 
annular form with two compartments cc\ eaoh having an external and an 
internal door. One compartment was put in communication with the interior 
to be filled with the excavated material whilst the other was being emptied 
by the outer door, so that the loss of air was diminished without any interrup- 
tion to the work. Sometimes a double air-lock with one largo and one small 
compartment 1b used; the largo oue being only opened to let gangs of workmen pass, and 
tho small one just big enough to admit a skip and to contain a small crane for moving it By 
having a small air-lo 

complete arrangement i 

on the top of the c J HRRj 

shaped chamber <s, serving to pass four men, and oIbo on either side two concrete receivers dd\ 
having doors above and oelow. There was a shoot below for taming the concrete into the 
foundations, and a box b c, holding a small truck which emerges at c, after having been filled 
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from an upper door 6. This last contrivance resembles that devised at Vichy, by Moreaux, Fig. 038. 
The cast iron box L N going across a segment of the air-chamber, has three orifices LMK. and a 
drawer, with two compartments, slides in it. If these compartments are at M and N, the left one 
at M is filled, while the other at N is emptied. Then, by a rack movement, the drawer is pushed 
back till the compartment to the right comes to the oentre of the box, that is 
to say, into the air lock, and the other is emptied outside at L. At Rotterdam . « 

Michaelis put a small inclined trough at the bottom of the principal air- \ J 

lock, and closed it at each extremity by a valve, so that it both formed a little — r /\ — A n 

independent air-lock, and also a shoot for the excavation. Smith employed LNjU^y I 
the same system at the Omaha Bndge over the Missouri. By not permitting L u N 
the earthwork to enter the principal air-lock, it was possible to keep six 
glazed bull’s eyes clean, by which both daylight was admitted and at night the light was thrown 
from a reflector. The use of lamps inside, smoking and giving a bad light, was done away with. 

A. S. von Eisenwerth conducted some experiments to ascertain the amount of air actually 
required, for sinking wrought-imn caisson foundations by the pneumatic method. A rough rule, 
determined by practice, is that for a caisson having an area not exceeding 800 so. ft., a blower 
capable of delivering about 12,000 cub. ft. of air an hour was sufficient The old practice is to 
estimate the number of workmen and the number of candles employed inside the caisson, to reckon 
220 cub. ft. a workman, and 11 cub. ft. a candlo each hour, doubling the total to allow for loss. 
However, only 17 to 40 per cent, of the air pumped in for the benefit of workmen actually reaches 
them, and the loss by leakage determines the supply. The leakage through tho air-pipes, air- 
lock, and shaft is small in comparison with that through tho walls of the caisson, and is stopped 
to a considerable extent by plastering tho joints on the inside with clay. In Eisonwerth’s 
experiments the roof of the caisson, coverod with a layer of cement, and a thick mass of concrete, 
was practically air-tight, except at its edges, where it joined on to the vertical sides. Tho leakage 
through these sides, in spite of tho masonry lining, was by lar tho most important. It was found 
that during the first expulsion of the water from tho caisson, tho leakage through tho sides alone 
caused a loss oqual to 20 to 33 per cent, of the air theoretically required. The loss observed in 
various experiments, during the expulsion of the water, appears to be about 9*487 cub. ft. a sq. ft. 
of wall-surface in each working hour. The loss of air while tho caisson was being sunk by 
excavation mride, varied between 9* 8411 and 17*225 cub. ft. a sq. ft. of side area an hour, 
according to the workmanship of the caisson and the nature of tho soil. In coarse giavel and day 
tho lobH wus decidedly less than in fine gravel and sand, being on an average about 141*26 cub. ft. 
in the first casts and 153 cub. ft. in tho second, for a medium depth of about 23 ft. Where the 
caissons are small, the relative' loss is greater, because the blower pumps more air than is necessary, 
and part, therefore, escapes under the bottom edge; in this case, by an arrangement of valves, two 
caissons can be sunk together with the same blowing engine. As might bo expected, the loss of 
air increases with the increasing depth of the caisson under water, the average increaso being 
apparently about 10*76 cub. ft a foot. Generally tho result is shown that in caisson foundations 
the projiortion of air list'd for passing tho materials and workmen through the air-lock, and for 
keeping the caisson full of air against Ihe increasing pressure as it descends, is only 1 j>or cent, of 
the whole, the other 99 j>cr cent, being lost eitln r through leakage or escape irom tho bottom. 

Tubular foundations are the most effectual means at tho disposal or engineers for carrying 
foundations to great depths below water. Economical considerations render it desirable to adopt 
pumping or dredging when possible; but compressed air is very serviceable where boulders or 
other obstacles are met with, or where the ground is conglomerated and unsuitable for dredging. 
In eases where the proper course to be adopted is a matter of doubt, the success at the Gorai Budge, 
and the power of resorting to tho aid of divers if necessary, would encourage an attempt being 
made to dispense with compressed air, which at great depths, such as 100 ft. under water, is 
attended with danger. The Tet Bridge, moreover, furnishes an example of the possibility of re- 
sorting at last to compressed air if found indispensable. 

In soft ground of unknown depth the best methods for making foundations are those alrr ady 
described ; but it is sometimes advisable in small works to adopt more economical methods. Two 
distinct cases have to be considered. Where the soil is firm, but liable to be scoured to great 
depths; Where the soil is soit as well as exposed to considerable scour. 

Regeroortes, at Moulins, renounced the idea of finding a stable foundation far down, and built on 
the surface, rendering it secure from scour by covering it with a masonry apron. The apron, 
Fig. 539, having a uniform thickness of 6 ft. was laid on the dredged and levelled bed, dried by 
diverting the stream, or in some places, by inclosing it with timber and pumping out the water. 
The infiltration through the bottom was stopped by depositing a layer of clay all over, and then 
lowering caulked timber panels in it This method has, nowever, been much simplified by the intro- 
duction of hydraulic concrete. Another form of apron, Figs 540, 541, was adopted at tiio Ain Bridge 
with a single row of sheeting at each end, 26£ ft. from the facing of the bridge at the lower, and 
11^ ft. at the upper end. The lower or down-stream ends of the apron were always the most secured 
against scour, m the belief that a cavity would be formed below by the scouring away of the sand, 
but that above the currents would bring down sand and fill any bollows that might have been 
scoured out. The investigations however of Minard and Marchall indicated that the upper end of 
the apron is most exposed to scour and requires most protection, as the river-bed close to the lower 
end is protected by tne apron, whereas at the upper end the river-bed is exposed to the full force of 
the current where obstructions of the piers produce whirlpools. 

Li certain instances the movable bid of a river bos been sufficiently consolidated at the site of 
a work by merely a thick layer of rubble stones thrown in, giving time for the stones to take their 
final settlement during floods. Lastly, a movable bed can be consolidated by a wooden stockade. 

The second ^ase of a soil, both soft and liable to scour, has next to be considered, 'Where con- 
siderations of expense forbid going down to the solid, the following methods have been adopted 
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The ground is sometimes consolidated by driving a number of piles close together, or by covering 
it with rabble stones, with or without fascine work, so as to form a kind of superficial crust capable 
of bearing the structure. It is, however, generally advisable to break through the superficial stra- 
tum, and to produce a compression extending down a considerable depth by a large weight of earth. 
Another method is to increase the bearing surface at the base by large footings, or by timber 
platforms, layers of concrete, bedding courses of masonry, or rubble stone. 



The weight of the superstructure can be diminished by forming hollow cells in the masonry, or 
by using iron girders instead of stone arches. In heterogeneous strata, the weight must be dis- 
tributed as much as possible in proportion to the bearing power at different points. It is advisable 
sometimes to enclose the site of the foundations with sheeting, walls, or the like, not only as a pro- 
tection against scour, but also to prevent the running in of the soil from the sides when a weight 
is brought on it. 

Stone and Brick Bridges . — These have already been very fully treated, particularly with reference 
to the subject of skew arches. There are, however, several practical points of importance in con- 
nection with bridges of these materials which are deserving of notice. When stone is used it is 
chiefly for architectural effect and not economy. In former times cementing material was very 
inferior, and for stability it was desirable to have voussoirs in one piece ; even now small bridges 
in the Highlands are so built without mortar of any kind. But at present the cement is as good 
as the stone, and it matters nothing how many pieces the arch wing is built up of, whether of a 
multitude of bricks, or a still greater multitude of particles of stone and cement in the form of con- 
crete. The arch may be regarded in either cose as a monolith, and the only conditions necessary 
to ensure stability are, that the curve of equilibrium shall fall within the thickness of the arch ring, 
to a sufficient extent to limit the pressure to the proper working strength of tho material, which may 
ho taken at 8 tons a sq. ft., for good ordinary stock brickwork. 

The largest stone bridge ever erected is the Grosvenor Bridge, crossing the Bee, near Chester. 
It has one clear span of 200 ft., its rise being 42 ft. The manner in which this arch was keyed 
in is worthy of remark. The courses contiguous to it being set, three thin strips of lead were 
first hung down on each side of the stones, between which the keystones were to be inserted. 
The keystones were then smeared with a thin greasy putty, composed of a mixture of white-load 
and oil, and were driven home with a small pile engine. Tho object of the lead was to prevent tho 
surface of the stones grating ; it acted, in fact, as a kind of slide. In striking the centres, 
particular care was taken to keep the crown up and let the haunches come down. The Pont 
St. Maxence, blown up by Allies in 1814, is worthy of notice, os being perhaps the flattest stone 
arch, namely, 3 spans of 72 ft. arches with 5 ft. rise only and 8 ft. 9 in. voussoirs. 

The reliable character of concrete exposed to oompressive strains, is shown by the experimental 
bridge of concrete which was erected by Fowler, over one of the cuttings of the Metropolitan Bail way, 
London, Fig. 542. It was an arch of 75 ft. span, 12 ft. wide, and 7 ft. 6 in. rise in the centre, where 
the ooncrete was 8 ft. 6 in. in thickness, increasing towards 
the transomes, which abutted upou concrete skewbacks. 

The material of which the bridge was made was formed of 
gravel and Portland cement in the proportions of 6 to 1, 
carefully laid in mass upon oloae boarding set upon the center- 
ing, and enclosed at the sides. The amount of concrete em- 
ployed in the bridge was about 4800 oub. ft., so that the 
weight of the structure was some 800 tons. The centre of 
gravity in the half-span being 16 ft. 6 in. from the abutment, 
the weight of the half-span 150 tons, and the rise of the arch 
7 ft. 6 in , the thrust at the crown was equal to 880 tons. A sectional area of 42 sq. ft. was 
available to resist the thrust which equalled 7 tons 17 cwt a sq. ft The additional strain a ft. 
run for every ton of distributed load was equal to 2 \ tons a sq. ft, maximum strain for a rolling 
load 3} tons a sq. ft. with the load at f ths of the span. This bridge upon test carried a dead load, 
including ballast and permanent way, of 12*25 tons, and a rolling load of 2*8 teats, or a total strain 
of 15 tons 2 cwt. cm the sq. ft., without failure or distress. From this, it is fair <to assume that 
a well-built concrete arch is as strong as one of brick, but at tho same time the uselessness of 
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•queue. over a railway in which the line is in cutting. Fig. 543 is an elevation; Fig. 543, 
plan above foundation footings ; Fig. 547, plan of the under string-course; Figs. 544 and 545, 
sections at A B and B F respectively of Fig. 540 ; Fig. 548, section at 0 D, Fig. 547. If the 
cutting is very deep, so as to require a corresponding increase in the height of wing wall, Fig. 544, 
relieving arches are sometimes turned. There is, however, nothing gained by this arrangement, 
exoept perhaps in appearance, because although a certain amount is saved in the wing walls, it is 
more than compensated for by the quantity in the arch and the expense of centering and superior 
workmanship. The thickness of tne wing walls is comparatively small, and the spaoe between 
each pair viewed in the cross section of the plan of the bridge, Fig. 547, is filled with any material 
suitable for the purpose. When a relieving arch is turned in the wing wall, it must extend the 
whole length of this space ; and except the cutting is sufficiently deep to allow of a semicircular 
arch, there is no economy in pieroing the wing walls in this manuer. The length of the wing 
walls depends upon the distanoe between two lines, representing the levels of the upper and lower 
roads, respectively. Should the bridge be wholly in cutting, the slope will extend from one of 
these to the other. Frequently, however, this is not the case, and the road has to be raised to 
some extent, as in Fig. 543. It is then usual to leave a small offset, or benoh, at the point where 
the slope of the outting intersects the surfaoe of the ground, when the road is raised, in order to 
prevent the made earth from tailing down the slope of the cutting. The dotted lines in the 
elevation Fig. 543 show the position of the steps or onsets of the wings, counterforts, and abutments. 
Puddle, or asphalto, laid on the brickwork, Fig. 518, supports the road. When clay of proper 
quality can be procured, and if the work is well done, the puddle answers well. The walls of 
bridges are often backed with dry lining, consisting of small stones or broken brick, about 6 in. in 
thickness. This acts in the same capacity as drain pipes, or weeping holes. 

Figs. 549 to 554 represent a working drawing of a skew bridge in embankment. Fig. 549 is 
an elevation ; Fig. 550, transverse section in square ; Fig. 551, plan of superstructure ; Fig. 552, 
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section of abutment on square ; Fig. 553, plan of foundations ; Fig. 554, section of wing wall. The 
different lengths and disposition or the wing walls prevent the bridge being symmetrical about its 
centre line, although the dimensions on the square are the same in both halves. Fig. 553 clearly 
'“'.icates the effect of skew in increasing the general dimensions, and consequently the cubical con- 
*its of the whole structure. Working drawings upon a large scale are required for obtaining the 
fivelopment of the extrados and intradoe, the spiral oourses or coursing joints, and their inter- 
action with the face line of the arch. When the length of the soffit of an arch on the skew is oon- 
jlerable, it is not uncommon to build the central portion on the square, and limit the skew part to 
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the ends in the vicinity of the face line. If the junotion of the skew with the square portion is well 
made, there is no practical objection to this method. 

Abutments, Winq Walls, ana Counterforts . — These portions of a bridge serve to support the pressure 
of the earth as well as to carry their share of the load, whether it be of the nature of a thrust or 
simply that of a vertical weight. The two working drawings. Figs. 543 to 548 and 549 to 554, fully 
explaiu the manner in which they act, and the useful purpose they accomplish. The methods of 
calculating their strength as retaining walls, when they reach dimensions of importance, will be 
found in the articles Retaining Walls, Construction, Waterworks. With the exception of the 
dressed work, such as string-course, quoins, caps, and copings, these parts of a bridge are generally 
built of the same description of work, a distinction being made between face work and the baoking 
of the walls. 

Iron Abutments . — Although there are numerous instances in which iron, both cost and 
wrought, is the material used for the piers or intermediate supports of bridges, the examples are by 
no means so common in which it is also employed for the terminal supports or abutments. It 
might appear, at first sight, that if the nature of the foundations rendered it advisable to adopt 
iron in the piers, the same conditions would dictate the use of iron in the abutments. But this is 
not always the case. In the first place, the character of the substratum in a tolerably wido rivor 
often diners at different parts of the transverse section, and it is seldom that both abutments aro 
founded at exactly the same level. There is a notable difforenco in tho naturo of the ground on 
the Surrey and Middlesex shores of tho Thames, for example, and a dam that would fully answer 
its purpose on the one might not always be sufficiently strong on tho other. This fact was well 
shown during the construction of that portion of the Northern embankment near lilackfrinrs 
Bridge. A serious blow occurred in tho dam, and yet this dam was almost identical in design 
to that which was employed during the building of tho river wall from Westminster to Vauxhall, 
on the Surrey side of the Thames. On geological grounds alone, therefore, briokwoik or 
masonry might bo well adapted for tho abutments of a bridge, and yet bo superseded by iron, 
with advantage, in the more central and deeper parts of tho stream. It is not, however, until wo 
come to rogard the different duties a pier and an abutment have to perform, which necessitate a 
diversity in constructive detail, that the real reason of tho general unsuitability of iron for 
abutments beoomes manifest ; although there are many situations, as we shall point out, in whioh 
they may lie employed to advantage. The solo duty that a pier has to perform, so fur as relates 
to tho bridge itself, is to bear the direct vertical pressure of so much of tho superstructure as 
falls to its share. There are no doubt in many instances other forces in operation which try its 
stability and strength, sueh as the velocity of a murine or rivor curront, the impact of ice, or tho 
concussions of floating bodies, but these are beside our subject. It is otherwise with an abutment. 
In addition to bearing its own share of the direct weight of tho superstructure, it has to act as a 
retaining wall. It will be understood that at present we aro speaking of those forms of bridges 
which exert no thrust against either tho piors or abutments. As overy bridge must have an 
approach to it, which is most frequently of earth, it is tho necessity of making tho abutment support 
this that gives masonry or brickwork a general superiority over both cast and wrought iron. 
In many cases, however, it is convenient and economical to dispense with abutments and wing 
walls altogether, and simply put in a support similar to tho intermediate piors, and allow the earth 
to assume the sloj>o necessary for stability. 

So far we have only taken into consideration that portion of the end supports which may bo 
termed the abutments proper, but this is seldom sufficient of itself to rehiin the whole cross-section 
of the approach. The retaining wall, regarded as a whole, comprises not merely the central vertical 
pait which carries the superstructure, but the side portions, or wings as well, which have no 
vertical load to support, see Figs. 543 to 548. It is in the wings that tho chief difficulty of em- 
ploying iron with economy occurs. In tho abutment a certain degree of strength is required to carry 
the vertical load, and this amount can be simultaneously utihz» d as a contribution to tho total 
necessary for the retaining wall. On the other hand, the wings act simply as retaining walls, 
having no vertical weight to bear, and the question becomes reduced to one involving the relative 
economy of iron and masonry or brickwork. Except in examples such as armour pluting, targots, 
and engineering works of a wailike character, the substitution of iron for the older materials used 
in construction, will generally be found to be nearly equivalent to the substitution of the hollow 
for the solid form. Take the earliest, the cast-iron flanged girdtr. It is nothing else in form than 
a beam with the material cut away about the centre. The same statement holds good for wrought- 
iron girders, and the hollow column is only the stone pillar with its core extracted It is not 
difficult to understand that a given amount of metal which would be able to support a given vertical 
weight would be quite inadequate to resist the same weight acting in a horizontal ditection, or at 
an angle with the horizon. In the one case, supposing that there was no bending moment induced, 
the iron would only yield to a weight equal to its crushing pressure ; in the other, the resistance it 
would give would depend upon tho direction of the strain it was subjected to. Iron wing-walls 
will therefore evidently consist of plates to which the requisite amount of stability will be imparted 
by the addition of stays and bracing. 

In the case of the New Ross Bridge the abutments and wing walls consisted of cast-iron 
cylinders with cast-iron plates fitting in between them, and a strong backing of concrete, which is 
equivalent to so much solid strutting or bracing. The design of the cylinders and plates is 
analogous to that constituting the foundations of the piers of Westminster Bridge, if we substitute 
piles for cylinders, the whole forming a cast-iron frame and panelling. Tho relative economy 
of this method of construction, depends very much upon the difficulties that may result from the 
presence of water. To build a retaining wall cm dry land of cast-iron framing and panelling, 
to support a 25-ft. embankment, would be scarcely an economical proceeding; but to employ 
the same design in 25 ft. depth of water is another matter. As a rule it is certainly more expe- 
• ditious to sink cylinders under water, and drive down panel plates between them, than to 
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construct a temporary dam and build a solid wall of masonry and brickwork behind It But it 
is not always so. Omitting the contingent difficulties in dealing with water, the actual cost of 
the two systems will differ to some extent, and the balance will in great measure depend upon the 
respective conditions already mentioned. 

The question of durability must not be passed over. There are so many different opinions 
respecting the behaviour of oast and wrought iron, when exposed for some time to the action 
of either salt or fresh water, that no positive conclusion can be arrived at on the matter. Cast 
iron that has been exposed to sea-water has been found so soft that it could be cut with a knife ; 
and, on the other band, it has stood comparatively uninjured for years in almost exactly similar 
situations. It is alleged in favour of ironwork, that when it does rust the very rust itself acts as 
a protection against the further action of the cause that produced it. This may to some extent be 
true, but it must not be forgotten that rust never quite protected iron yet. The durability of cast 
iron in the position Under notice will be lessened if there is a tidal action at work, as the effect of 
alternate exposure to water and air is not oonfined solely to timber, but extends to metallic 
substances as well. 

A design for cast-iron abutments for bridges as proposed by Handyside & Co., of Derby 
and London, for bridges in Buenos Ayres, is shown in Figs. 555 to 558. The circumstances 
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undor which these bridgos wore required were peculiar, and demanded a special kind of struc- 
ture. A vast extent of pampas of flat country was intersected by rivers, and the Govern- 
ment was deairouB of improving the communication by erecting bridges, amounting to over a 
hundred, at all convenient points. As the country has neither stone nor timber, and as 
even bricks are not easily made or procured in the new dis- 
trict, Handyside & Co. proposed bridgos which should be com- 
plete iron structures, with iron roadways, and with iron wing- 
walls and abutments, so as to be entirely independent of ordi- 
nary building materials. The mid-ohannel piles are formed of 
iron screw-piles. The foundation soil is of a calcareo-argil- ' 
laoeous character. As will be seen from Fig. 557, similar 
piles were proposed for the abutments, and to these piles are 
bolted a series of cast-iron plates, forming a complete face and 
side wings. Cast iron was preferred for this work rather than 
wrought iron, as being better adapted to resist the outward 
thrust of the banks, and as also best suited to the alternate 
wet and dry oondition at the different seasons of the year. 

The superstructure of the bridges is entirely of wrought iron, and is strong enough to carry the carts 
of the oountry, which have heavy loads on a small wheel base. 

The Figs. 559 to 563, represent a design, by H. N. Maynard for a species of abutments of wrought 
iron. A considerable number of these structures have been successfully erected abroad. These abut- 
ments cap be made complete at the ironworks, taken to pieces for shipment, and pnt together again by 
the aid of bolts in a very short time. The men who erect the girders can execute the werk, ana so all 
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the difficulties and delays connected with the construction of masonry abutments, in such countries 

T_ J • ns. it u.J mi 1 j j. 1 . i ' % . « •• . 


d of wrought-iron arched plates, serving a t 
means of bolts passing through flanges G formed on them. 
The outward thrust of the embankment, which is filled in 
between the wall of the abutment, is resibtt d by an 
arrangement of the rods D shown in Fig. 562. To facili- 
tate transmission, the retaining plates are made with 
horizontal joints E, at about 2 it. 9 in apart, with anglo 
iron forming flanges, by which they are connected to- 
gether with a few bolts. In erecting this abutment the 
ground is first levelled at the parts where the iron walls 
are to be placed, and tho screws with their sleeves 
erected in position, as shown in tho plan ; tho bracing 
or retaining wall plates are then attached, and the front 
or bearing piles R, Fig. 568, driven by means of a capstan 
to the required depth, the other or Sack piles, G, scr\o 
to anchor tho plates m position, and arc attached to 
sleeves by bolts passing through them, whilst tho front 
row are cut off flush with the tops of the retaining plates, 
and form a bearing for the bed of tho girdois. When 
long walls, such as those belonging to quays and water 
frontages, are built of either cast or wrought iron m 
the manner described, it is necessary at otrtain intervals 
to have additional braces and ties, and to extend them 
farther back. This is to render the construction in somo 
respect analogous to that of long stono or brick walls. 
Tho extra braces take the place of the buttresses or 
counterfeits, built at ocilain intervals, either at the front 
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or back of all long retaining walls, to prevent their becoming distorted and bulging out. Cast- 
iron walls, insomuch as the thickness would be much greater than that of similar wrought-iron 
ones, would have more inherent stability in them than the latter. This can be readily compensated 
for by a propet arrangement of bracing in the thinner structure. As far as the relative cost is con- 
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oemed, there would in many instances be little or no difference, as the greater amount of material 
in the one at a cheaper rate, would about equal the lesser amount at a larger pnoe in the other. 
In instances m which rapidity of construction is a primary consideration, this method of building 
retaining walls possesses many advantages 

Numerous are the methods adopted by engineers and architects m forming roadways and 
footpaths over bridges, from the ordinary metalling and flagging, to boarding the whole area of the 
bridge over with inch boards, which is the method adopted m 
the Albert Bndge, as is shown m the section of that road- 663 

way 

In Fig 564 is ’represented a half cross section of the arch 
and roadway as usually arranged m stone or bnok bridges In 
the present instance, the arch is supposed to be of stone, which 
is shown alternately m section and end elevation, to point out 
that the ooursing joints break joint. A very good form for the 
cross section ot a roadway is to draw two lines at a slope ot 
one w thirty, meeting at the oontre of the road, and jom them 
for a distance of 6 ft by the arc of a circle having a radius of 
90 ft , which will be practically flat, with just sufficient slope 
to allow the water to run off. The footpaths should have a fall . 
of $ m m the foot towards the side chanuels Where metalling 
is used it should be at least 6 m thick, and the depth from 
surface of road to masonry, should be sufficient to admit of « M 

small pipes being earned across the arch , large pipes are " i 

usually allowed to cut somewhat into the arch rings Granite _____ __ 

sits on concrete, wood paving, and asphalte are, of course, ^ ~ “ “ 

available for bridges as for ordinary roadways and footpaths, 
and offer no spioial features A parapet is shown in Fig 564, 



and offer no spioial features A parapet is shown in Fig 564, 

which, by tho regulations of the Board of Trade, must be 4 ft in height m every bridge coming 
under their jurisdiction. 

bo soon as the horizontal girder became substituted for tho arch, the arrangement shown m 
Fig 565 waB very generally omployed The cast-iron girders G G ore carried on bed stones 
BB, a luyor of felt Doing placed between tho top of the bed stones and the bottom flange of the 
girders It may bo romaiked hero, that tho width necessary to bo given to the bottom flango of 
the girders, is very advantageous lor the Bpnngings of the jack arches In fact, this principle 
of construction would be naturally suggested by tho form of the lower flango of the girdcre Tho 



jook arches, which should not be less than 9 in m the depth of tho rings, are turned in the usual 
manner with plain mortar Thor© is no necessity for incurring the expense of turning them 
in cement, as is sometimes done A layer of asphalte, shown by the thick black line, is spread 
uniformly over the txtrados of the arches The thickness of this layer need not exceed f in , 
provided it be carefully laid on m two separate coats of | in each The launching of the arches 
up to the level of the crown, which is on the same level os the tops of the cast-iron longitudiual 
girders, may bo filled m with broken biiik, or other good, dry rubbish. Over this is laid tho 
metalling, tho depth of which Bhould be about 9 m , and never less than 6 in The footpath in 
Fig. 565 is supposed to be flagged with stones, The thickness of those may vary from 2 m to 
8 in but \ery often there is no cho ee in the matter, and shift must be mude with the best that 
oan be obtained m the neighbourhood. It will be observed that the outside longitudinal girder 
G* or face girder, as it is usually termed, is made only about half as strong as the intermediate 
ones on account of its having muoh loss weight to carry Tho manner m winch the thrust ot the 
jack arches is provided for deserves attention. Tho thrust of each* arch on one side of the lower 
part of the longitudinal girders is oounteractod by that of its fellow on the other side, and thw 
successive action and counteraction continues until we come to the arch, one springing of whm 
bears against the inside of the face girder Here there is no arch on the other side to take the 
thrust, which is thus thrown altogether on the faoe girder The girder is, no doubt, strong 
enough to stand the thrust without any additional assistanoe , but m order to relieve it of the 
strain, a tie-rod T is earned at intervals right across the bridge, and ties all the longitudinal 
girders together. It acts in precisely the same maimer as if there was but one arch, and it con- 
stitutes the tie from the one springing to the other These ties may be plaoed at about every 
6 ft apart, and should bo of good wrought-iron rod, not less than 1| in. in dimeter. This 
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roadway, carried on jack arches is seldom used for large bridges, as the weight renders it 
unsuitable. 

There is, however, one example on a very extensive scale in Paris. It is the bridge at La Place 
de l’Europe, which carries the common junction of five main thoroughfares over a railway. The 
total area of roadway and footpaths extending over the bridge is about 8000 square yards, an extent 
of surface which is not often met with in structures over railways, if we except such oases as those 
in which stations are erected at a low level, and these seldom support bo much. In Fig. 566 
is represented a longitudinal seotion of a portion of the roadway of the bridge under notice. The 
cross girders 0 0 are of wrought iron, with equal top and bottom flanges, instead of unequal 
flanges, as in the cose of cast-iron girders, and aro spaced 6*56 ft. apart, from centre to oontre. 
Between them are turned the jack arches A A, which are 9 in. m depth, and weigh, the foot run, 
0*145 ton. The peculiarity in these arches is that the brioks aro not solid, but hollow, so that tho 
wrought-iron mam girders are not loaded so heavily as the cast-iron examples which have been 
already described. There was clearly the desire on the part of tho designer of the structure 
to diminish the weight of the roadway as much as possible, and keep its general style in accord- 
ance with that of the rest of the structure. The black line in Fig. 56C shows tho layer of osphalte, 
rather more than £ in. m thickness, spread over the arohos. The haunohos are filled m with 
a description of thin concrete, which also extends over the crowns of tho arohos and the tops of the 
cross girders. Tins concrete weighs 0*108 ton a foot run, and over it is laid tho metalling, 
which is 1 ft. in depth, and weighs to the same unit 0*356 ton. 



Borne arrangement is evidently required to tako tho final thrust of tho hollow brick arches 
supporting the roadway, as was explained in a fonm r example, and the manner in which this is 
accomplished is very ingenious. It is manifest that although tho arches rest ujnm tho cross 
girders, yet the thrust of each half-areli ib resisted by that of its neighbour, acting in the opposite 
direction. This process of thrust and resistance is continued until we come to the last half-arch, which 
has no fellow to take its thrust Tins thrust is not taken by the abutment, but the last cross girder, upon 
which the arch rests, is tied by strong plate braces to the last cross girder but one, at the points where 
it bears ou the main girders, thus transferring the thrust to these points. As an additional precaution, 
the last two arehes are tied, the last by a solid plate diaphragm, and the last but one by a flat tie-rod. 
This arrangement makes the iron and brickwork to form one complete frame, so that if wo were to 
imagine the whole superstructure lifted bodily from its support, it would still be self-contained. 
If the thrust of the last half-arches were taken by the abutments, the effects of the expansion, by 
alteration of temperature, of the main girders would be accumulated ou them, and the con- 
sequences might be serious. By the metnod adopted the total expansion is subdivided at every 
cross girder, and the effect upon each arch is inappreciable. For small examples of bridges the 
plain tie-rod answered well enough, but when the roadway reaches the dimensions of the bridge at 
La Place de l’Europe, a more scientific and complicated arrangement is necessary. The footpaths 
are supported by small cross girders GC, shown in tho longitudinal section, Fig. 567, and those in 
the centre part of the bridge, between the central face girder and the nearest intermediate, are the 
only ones requiring any consideration. They have a span of 14£ ft , and are placed 6J ft. apart. 
The total weight each carries, including the weight of tho single T irons resting upon it and its 
own weight, is 8*5 tons. The single T irons under the footpaths have a maximum span of 8*69 ft., 
and their distance apart is 9| in. from centre to centre. They are 3J in. broad, by 4} in. deep, and 
have a uniform thickness of 0*39 in. The footpath consists of concrete covered by a layer 
of aspbalte, and has a rather strong fall against the curb-stone. The cross girders are sup- 
ported on brackets B, Fig. 567, which are riveted to the main girders G and G'. The 
former of these is the face or outside girder, and the latter one of the intermediate main girders. 
Both of these 9 are lattice girders, and therefore it is necessary to put a handrail, B, as a 
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protection to the foot famengers, as the lattice ban in the side of J the face girders are not 
sufficiently close together to act as a parapet It is not unusual to have plate girders with solid 
sides preferred to those of the lattioe type, because by increasing the depth of the face girder it 
can be made to act as a parapet. There are two objections to this apparent economy. The one 
is that it is in reality a very expensive method of constructing a parapet, and the other that it 
constitutes a very unsightly one as welL 

When bridges are built for street traffic, instead of that of country or suburban roads, there are 
one or two features which at once serve as a line of demarcation. In the first place, the roadway 
is usually paved, not as footpaths are paved, with flags, but with sets, as they are techni- 
cally termed. These sets consist of stones, hammer-squared; that is, roughly dressed into the 
form of a solid 9 in. by 6 in. Several names are bestowed upon these sets, according to their 
size ’and quality. In some localities, more especially in the quarries in the neighbourhood of 
Leicester, they are called sovereigns and half-sovereigns, accordingly as they are of the full size 
specified above or of a smaller size, resembling those that are usually put down at the entrance 
to stables, farm-sheds, and courtyards. Sometimes the roadway of bridges, situated as just 
described, is constructed of wooden sets, similar in form and size to those of stone. It may bo 
remarked here, that wooden paving has undergone a very extensive trial in London, and appears 
to wear well. There can be no question about the absence of the noise and racket which attends 
the employment of a stone thoroughfare in the adoption of the wooden road. The only point 
that remains to be settled is that of durability. It cannot be denied that if a roadway will stand 
the traffic of London, it will stand any traffic that can possibly come upon it, allowing in all cases for 
reasonable wear and tear. Another distinctive feature to be noticed in bridges, which may bo 
appropriately called street bridges, is that the footpaths are usually paved either with flags or with 
somo description of ornamental tiles. The latter method was originally adopted with respect to 
the footpaths of Westminster Bridge, but the tiles have since been replaced by asphalte. 

In Fig. 5C8 is represented the cross section of the roadway of a bridge erected over the Medway,, 
at the town of Rochester, which is in every senso a street bridge. The principals or main girders 
G G are composed of cast-iron ribs, spaced as in the figure. These are connected together by cast- 
iron cross girders 0 0, which are in separate lengths, each pair of lengths being bolted together 
by wrought-iron bolts at their junction over each main girder. The roadway is paved with sets 
or granite. 

As a material for roadways, the Guernsey granite is preferable to the Aberdeen, as it does 
not disintegrate so fast. It is not quite so hard, and therefore does not wear with the same 
rapidity. The footpath in the bridge, Fig. 508, is paved with flags 6 in. in thickness. Those 
flags ore laid upon a couple of stono bearers 12 in. and 14 in. respectively in thickness. There 
is thus a fall of 2 in. in the footpath in the width of 8 ft. to allow the water to run off into 
the side channels. It is to be noticed that in Westminster Bridge the footpaths do not drain into 
tlie side channels of tho roadway, but into others provided for them next to the base of the parapet. 



Having already given sufficient examples of the method of constructing roadways over east-iron 
girders, we may now turn our attention to those which are carried upon girders of wrought iron. 
In Fig. 569 is represented a cross section of half the roadway of Lendal Bridge in the city 
of York. The main girders are shown at G G ; to them are bolted the wrought-iron gusset pieces 
or brackets B B, upon which rest the cross girders G 0. These cross beams are small lattioe 
girders, and have toe great merit of possessing the features of strength and lightness combined. 
Upon the cross girders 0 0 are placed the small wrought-iron rolled joists a or, and to the lower 
flange of these are bolted the oorrugated iron plates P P. These plates extend the whole way 
across the bridge, both under the roadway and footpaths. Those under the roadway are * in. in 
thickness, and those under the footpaths \ in. A greater degree of strength is obtained by the use 
of oorrugated iron plates beyond that afforded by mere sheet iron. There are, however, two other 
methods of obtaining a similar, and even a greater, amount of strength. One is by bending the 
plutes into the form of an arch, the other method is to employ buckle plates, which, com- 
paratively speaking, possess enormous strength, and which have oeen used imapme very large 
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superstructures of bridges, the new Blackfriars Bridge, for example. Their great strength is due 
to their peculiar shape, which is that of a dome. Tho carriage or roadway R tt in Fig. 5(39 is com- 
posed of several layers of material. In tho first place, a layer of concrete consisting of oork and 
bitumen, 8 in. in thickness, is placed immediately over tho corrugated iron plates. The object of 
introducing this light substance between the wrought-iron girder and the rest of the road material, 
is to deaden the concussion of passing loads, and distribute them more evenly over the girdors, 
but it is an unusual and unnooessary refinement. Over this layer is placed another of ordinary 
cement concrete, composed of gravel and Portland cement, and upon this is laid tho granito paving. 
The footpaths have layers of similarly composed concrete, and a paving of flags 8 in. in thickness. 
For a bridge constituted wholly of wrought-iron, this must bo considered rather a heavy super- 
structure, in spite of the intermediate layer of cork concrete. Paving stonos and York landings 
have considerably more weight than either wood or asnhaltc. If durability and efficiency can bo 
obtained, the lighter tho roadway and footpaths of a bndgo can be made, tho more economical tho 
structure. In a road bridge tho superstructure constitutes a very imjiort mt item in tho total load 
which the bridge has to support In this point it differs from a railway bndgo, in which tho 
weight of the roadway itself is a mere trifle, compared with that of tho loads which pass over it. 
In tho London bridges, it will be seen, that even in tho same typo of bridge a different 
character of superstructure is adopted. 

Iu Fig. 570 is represented the cross section of one-half of the roadway of Lamboth Bridge, the 
main, or side, girders G, which are supported diroctly by the chains, nro built up of plates and 
angle irons iu the ordinary manner. They belong to the old box form of girder, a form that is 
nearly obsolete. It was a good deal used in the oaily employment of wrought iron to tho con- 
struction of girders. This fact was probably due to tho idea that, owing to its particular shapo, 



it was considerably stronger than any other form. This opinion has been sineo shown, experi- 
mentally, to bo erroneous. If it be compared with a plate girder, containing the same amount of 
material, it will be a little the stronger of the two, but the slight mciease of strength is not by any 
means sufficient to compensate for tho other disadvantages it possesses. Tho principal of those 
are increased difficulty in riveting together, and no facilities for futuio examination when oneo 
put together complete. In the instance under notice tho box girder has internal dimensions of 
2 ft. 8 in. by 1 ft. 6 in. It is just possible that a boy might contrive to got inside to do any 
painting that might be required, and examine the interior generally, but anything like a proper 
examination is out of the question. 

The roadway iu Fig. 570 is carried on the cross girders C C, which aro of tho plato type. 
These cross girders are riveted to the lower flanges of tlio main girders G, and constitute a 
strong cross brace between them, and very materially add to the stability of tho whole bridge. 
They are cambered so as to give the proper curve to tho road shown by tho thick lino. Tho 
platform is composed of wi ought- iron plates, riveted to longitudinal and transverse wrought- 
iron beams, so that the roadway forms a horizontal girder 'of groat strength to prevent lateral 
motion. The platform is suspended to the cable, not by vertical rods, but by rigid lattice sides 
riveted to the longitudinal beams of the platform. Tho lattice sides are intended to prevent 
the longitudinal undulation, which necessarily occurs in other suspension bridges supported only 
by vertical rods. It is further sought to check disturbance by attaching tho cables to the 
standards, and not as hitherto done to a saidle allowed to movo freely on rollers. The standards 
are constructed of wrought iron, and form an essential part of the design, acting in combina- 
tion with the lattice sides to produce lateral rigidity. The roadway is formed of wooden sets laid 
upon concrete, as shown in the cross-section. The fojtpatlis are carried on cantilevers B, riveted 
to the main girders. , . 

A very different style of roadway is that laid over Chelsea Suspension Bridge, which is repre- 
sented in half cross section in Fig. 571. With the exception of tho light concrete filling over the 
arched wrought-iron plates, the whole of the roadway and footpaths aro of wood. This description 
of superstructure has been objected to on tho score of being liable to tako fire, but the risk of its 
so doing is very ema il in a bridge confined to road traffic. It is well known that during the great 
fire at Chicago, the wooden pavement was readily inflamed, and railway bridges of timber have 
been known to be ignited by the platform, which was also of that material, catching fire from 
the hot ashes and cinders falling from the engine, but tho danger becomes very remote in the 
instance of bridges devoted exclusively to the purposes of road street traffic. In the cross-section 
in Fig. 571, the transverse or cross girders C, which support the roadway, are placed 8 ft. apart from 
centre to centre, immediately under the suspension rods, and bear upon the bottom flange of the 
longitudinal girder G. They are 31 ft 10 in. in length, 2 ft. 2 } in. depth at the centre, and 
1 ft. 11 in. at the ends, where they are connected by a system of riveting with cantilevers B, 
7 ft long, whfMf practically form a continuation of them, and serve to support the overhanging 
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footpaths. The sectional area of the top and bottom flanges is 10 in., and the vertical rib is | in. 
thick, stiffened with X iron. The small roadway bearers between the transverse girders B are 
from 3 ft. 8 in. to 3 ft 10 in. apart, 8 ft. long, and vary in depth from 1 ft. 5J in. to 1 ft. 9| in. to 
suit the cambered surface of the roadway. 



The several girders that support the roadway thus form a series of rectangular cells, which are 
covered with arched plates of wrought iron P, stiffened with angle iron. The haunches of the 
plates are filled in with a light concrete composed of cork and bitumen, and, previously to laying 
the bitumen concrete, the plates and girders were coated with asphalte. The roadway is paved 
with oak blocks 6 in. by 8 in., by 4 in., bedded in bitumen, and furnished with trains T, of timber 
flush with the roadway, with wrought-iron strips bolted down on the top for durability. The 
preference was given to the cork and bitumen concrete, as a bedding for the roadway blocks, on 
account of lightness compared with ordinary concrete. Moreover, concrete in such a position, 
and in so thin a layer, is liable to crack, and become in time pulverized, and is then no better than 
loose gravel, which is liable to be deranged by passing traffic, and very soon wears into ruts and 
ineaualities. The footpaths aro paved in the same manner as the roadway, only the blocks are of 
smaller dimensions. This pavoment rests on planking placed on joists J, running longitudinally, 
and resting on tho cantilevers. The available breadth of the whole carriage-way is 29 ft., and 
footpaths 14 ft. 4 in. 

Fig. 572 represents a cross section of half of tho roadway of the Albert Bridge, at Chelsea. 
With the exception of tho tiles which foim tho surface of tho footpaths, the roadway is m 
every sense a timber one. As there are some peculiarities in the manner in which the dif- 
ferent layers constituting tho whole depth of the platform are arranged, we will describe them 
in detail. The Bide or main girders, a portion of one of which, M, is shown in tho figure, 
are of the usual plate or solid type, and aro mado up of horizontal top and bottom flange- 
plates and angle irons which connect them witli the vertical side or web of the girder. Thore 
is one peculiarity to be remarked in theBO mam girders which is not to be met with in 
any similar structure. They are placed not in a vertical position, but with a cant, as in 
Fig. 572, and aro retainod at the proper angle by tho cross girders, which are riveted to them. 
At intervals the main girdors are carried by the suspension chains, to which they are connected by 
pins passing through the web, the junction being strengthened by circular wrought-iron gusset 
pieoes and cast-iron bosses. This additional strength at the points in the main girders, at which 
the commotion with the chains is made, is rendered indispensable by the severe shearing strain 
brought upon the web of the main girders. Theoretically, the total load on the bridge, including 
its own weight, 1 b divided into as many parts as there are points of connection between the main 
girders and the chains. The separate weights, or the relative amount of the different subdivided 



loads, vary with the distanoes between the intervals of support, that is, with the distanoes between 
the successive pins. Another distinguishing characteristic of this bridge is, that the footpaths are 
plaoed inside the towers or pillars, and not outside, as in the ease of the Chelsea Suspension Bridge 
and others. 

The cross girders G are of the same form of construction as the girders M, and are stiffened 
vertically by | and angle iron stiffening pieces, F F. The cross girders are riveted at each 
end to the main girders, and are also connected through the medium of their top flange. The 
stiffening vertical angle-iron D, of the main girder M, is bent or cranked while hot, and one 
end of it riveted to the top flange of the cross girders. Hie advantage m um additional 
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connection between the cross and the main girders is, that the strain upon the latter is not 
confined to a mere portion of the web and lower flange of the main girder, but is distributed 
well over the whole cross section of it The cross girders are, moreover, connected together 
by horizontal diagonal cross bracing of plate and angle iron, so that the whole combination 
forms an iron gridiron of great strength, durability, ana lightness. It is to be notioed that the 
depth of the cross girders is not uniform, but is greater in the centre than at the ends. It 
is dv Hils varying depth in the cross girders that the rise and proper curve are given to the 
roadway A more usual plan is to accomplish this by making a difference in the thickness of the 
road crust or surface, and maintain the cross girders uniform in depth. The former plan is 
preferable. In the first place, if the latter be adopted, the thickness of the roadway itself must 
either be in excess at the centre or the reverse towards the sides. It is a mistake to imagine, as is 
frequently done, that the greatest amount of wear and tear upon a road takes plaoo at or near the 
crown. Upon the contrary, experience has proved, especially where the traffic is considerable, 
that a part of the road occupying an intermediate position, betwoen somewhere near the oontre and 
the sides is the most severely tried. The most economical plan to adhere to, with regard to the 
proper formation of the contours of the roadway of a bridge, is manifestly to maintain the thickness 
of the road material itself uniform, and obtain the proper curvo by varying the depth of the cross 
girders, road bearers, or whatever may immediately support the roadway, whether it bo arched 
plates, corrugated iron, or other description of iron platform. 

Passing on to the roadway, it will be seen on referring to Fig. 572 that a plank E, 3 in. 
in tliickness, is bolted down, with bolts $ in. in diameter, to the cross girders. Upon these plankB 
arc laid the half talks H, 12 in. by 0 in, placed one inch apart. These extend over the 
whole platform of the bridge, and are covered by a complete decking of 1-in. planks nailed 
down to them, which coustituteR an especiul feature of this bridge. Upon this decking the 
wooden sets of the roadway are spiked. The sets are 9 in by 4 in., and ore of two kinds, double 
and single. The double aro laid every fourth row, and aro the only ones which are spiked 
down. This spiking down is more than sufficient to keep the rows of single sets firmly m their 
places. A layer of asphalte completes the foimation of tho roadway, and servos to bind all the 
timber crust well together. Tho footpath is supported by two balks, one, N, placed under tho 
gutter L, and the other, P, close to the main girder. Tho gutter is of cast iron, of a simplo angle 
hlinpe, and acts both as a gutter for the drainage of the road as well hh for the footpath. Tho fall 
in the footpath is obtained by making the two supporting balks of difft rent depths, one, N, which 
carries the gutter, having a depth of 12 in., and tho other, P, of 14 in. To these talks are 
spiked cross-bars, 3 m. in thickness, and nailed to them is a decking of 1-iu. planks, laid with an 
inn rval of 1 in. tatvseen them. Upon the decking the tiles, 1 \ in. in thioknoss, are placed, forming 
the surface of the footpaths. They are of a whitish tint, with the exception of the rows noarost 
the main girders and the* gutter respectively, which are of a bright-rod colour. The whole of tho 
timber is of tho best Mornel. Tho footpath, which offers tin* greatest security against un<*qual 
subsidence, and the consequent forming of pools in wet weather, is one which has the fewest 
joints. The groater the number of individual niocos, each of which can sink and become dis- 
turbed, independently of its neighbours, of which a footpath is composed, the greater the chauoo 
of its becoming uneven. In this respect, flags, ul though tad where improperly laid, are superior 
to tiles. 

Another example of the road and footway of a bridge is represented in Fig. 573. Upon tho 
main girdirs A A are fixed buckled plates 11 11, which are riveted down on the four sides. This 
increases their strength as a platform to a maximum. Upon the buckled plates concrete is laid, 
varying in thickness to suit the full in tho road towards the gutters. The surface is formed of 



wooden sets, and the whole flushed up with a layer of tar and sand laid on hot. The con- 
struction of the footpath is very similar, with tho exception that the surface is composed of 
asphalte. The curb and gutters are of stone. Cast iron may be used instead of stone in the 
gutter. 

The platforms of railway bridges differ in some respects from those intended for ordinary road 
traffic. One of the simplest examples is shown in Fig 574, in which the span is sufficiently 
limited to allow of the use of two small cast-iron girders Q G. Planking 4 in. in thickness rests 
on therfmttom flange of the girders, and the rails aro spiked down to it. Tho cant is given to the 
rails by small wedge-shaped pieces of timber inserted between them and the plonking. This cant 
may be given when cross sleepers are employed, by adzing a piece out of the sleepers. A some- 
what similar arrangement is shown in Fig. 576, with the exception that whole balks of timber 
14 in. square replace the cast-iron girders in Fig. 574. In largtfbridgea, longitudinal sleepers are 
frequently laid over the planking, and tho rails spiked down upon them. This plan serves to 
distribute the effect of a Iteavy moving load more uniformly over the entire platform of the 
bridge, and lightens, to some extent, the local strains upon the cross girders. Tnese latter are, 
comparatively speaking, often the most heavily strained part of a railway bridge. In Fig. 576 it 
will be seen that the rails rest immediately over the centre of the main balks, instead of being 
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carried solely by the planking as in Fig. 574. The rails are supported in the same manner in 
Fig. 575, where small wrought-iron plate girders are used instead of the balks. The' girders 
simply rest on a layer of felt, and are bolted to the planking by fang-bolts at distances of 8 ft. 

Weight of Roadways and Platforms ; Working Load . — The weight a square foot of the roadways 
of public bridges, is a very important item in the total load they are designed to carry. Taking 
the respective weights in order and observing tliat they do not inolude the cross girders or any 
bracing, they run as follows ; — 

For brick arches turned either between the lower flanges of cast and wrought iron main 
girders, or between the cross girders, the average weight a square foot will not be less than 
2 cwt. When arched wrought-iron plates, buokled plates, or corrugated iron is used, the weight 
will be about 14 cwt. In these weights a square foot, allowance has been made for metalling 
1 ft. in depth. If wooden sets or planking, as shown in Figs. 572 and 573, be used, the weight will 
be correspondingly reduced, and may he brought as low as 4 cwt. a square foot. 
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The maximum live load which can come upon any bridge, intended for ordinary road and 
pedestrian traflie, may be taken at 1 cwt. a square foot. The weight on many suspension bridges 
of large span has been estimated at 40 lb. a square foot, which Roebling from many observa- 
tions has Found to be about the maximum weight of a moving crowd of people. If the bridge 
is liable to bo subjected to heavy concentrated loads, they must be providod for accordingly. Some 
of the modern city bridges of wrought iron have been constructed to carry heavy steam rollers, 
and contain more material than railway bridges of similar span. 

Timber Bridges . — Bridges of timber, except for temporary purposes, or upon a limited scale, 
are nearly obsolete. They are, however, very useful in country districts where the span of 
the bridge is small, and the load to be carriod comparatively light. A good strong, plain truss 
will then answer all requirements, and if taken care of and painted at proper intervals, will 
last a. considerable time. The first cost is invariably much loss than that of a stone or iron bridge. 
We give in Figs. 577 to 581 the working drawing of a truss frequently used for carrying country 
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roads over a line of railway. The principles which govern the strains and arrangement of parts in 
this truss, obtain also in the largest examples, and therefore a general description of their action 
and the means of treating them will explain the subject. In the drawing, Fig. 577, the diagonal 
bam A A of the trass are not, theoretically, required, but are introduced for the sake of symmetry. 
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The loading is placed on the lowor member, and the truss thus acts as a parapet or hand-rail. The 
whole structure has a very neat and compact appearance 

The span of the truss Fig 577, is 27 ft , and the clear width inside 12 ft , and the total depth 6 ft 
The total load on each tiuss is assumed to bo supported at four points, namely, the two abutments 
and the points W W, whore the uprights or posts arc connected to the lower member or chord D A 
strap, Figs 579, 580, 2 m by £ in passes over the posts B B and the upper chord E F, and is keyed 
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up tight under tlio low<r chord oi tic lx am b> a gib and 
cottar The diagonal struts CC are fastened lo the tn beam 
by a bolt, but occasionally a strap is use d nisti ad Tin elifft unfc 
mtlhods of conneetnig timbci and iron in a bndgi oi roof will 
lie found under the. heads ot Oaist ruction and Cuipaihy 
Between the uppu ends of the posts BB a straining \ uce T is 
fastened, and bj bolting it to tl < uppt i inenibei 1 , as shown in 
Iigs 577, 580, it may be rtgud< d asf oming part ol it, and the 
sectional aiea inaj be made available in calc ulating the strength 
ot the bridge The joists of a lunler Indgo nquiu to be 
comparatively slicing, foi like the ciosh glide is of railway 
budges, they suffer more fiom the fc ret of any sudtb lily 
applied weight than the prim ipal gliders or tins cs So long 
as the pi inking re mams sound it saves to diitubuto the load 
prctt\ umfoimlj, but the j tanking is frequently allowed to 
get vay much out of re pun m all disruption of budge s, and 
the joists 8ufltr propoitiomdlv A lajer ot giavel or broken 
stone is usually spicad ovei flic pi inking of a tmibe i budge 
for two uasons, one is to preserve the tnnlu fiom the feet ol the homes, and tho other from tliei 
usk of fire Tho strength t>f joists and planking ot the cjnality ordinarily used foi tins class of 
work, should be estimate tl upon the basis of the brt akmg wi iglit ol a bar 1 It span anel 1 in square, 
being 2 5 cwt applied at the centre thus the breaking we iglit foi the 9 in x 6 in joists ut the 
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effective Bpan of 12 ft C in would be , — B W = 2 5 ewt x v — , - * = 97 cwt. ut tho 

12 t) It 

eeutic or 194 cwt elislributed 

Sttavisupon Ti-usies — In estimating the stie ngtli of truss or girder woik, it is necessary to dis- 
tinguish struts from ties htruts are me mbe is that ire compre ssed, and ties mania is that are in 
tension What members are m tension and what are eompresse d, may lie determine el by elruwmg 
the line from the point on which the straining force is exerted, m tho dnoetion it would take it 
the membeis were removed If this lino is incident within tho angle formed by the pieces anel 
the strain, then both pieces are m compression , when the line falls witlim the angle formed hy 
producing tho direction of the sustaining mauls is, then both members are m tension I ho 
following method is more general and lnelud s tho foregoing ease Construct tho parnlle Ingram, 
taking the eiirectiou of tho straining force as tho diugonal r lhc sales of the parallelogram 
be mg parallel to the sustaining force draw the other diagonal of the purallologram, and j arullcl to 
it draw the hno through tho 

point whero tbc directions of r * 2 

tlio forces meet Consider to 
words which side of this line 
the struimug force woul 1 move 
it left tree, all supports on th it 
side will be m compression, 
and all those on the other side 
in tension At pige 2818 of 
this Dictionarv mere special 
cases are tcnsich red Ihe dia- 
gram in Fig 582 represents the actual working parts of tho truss cxictly similar to that 
m Fig 577 The thick lines represent the parts m compression, and the tlnn those in tension. 
The annexed Table II gives the strums upon the different bars for one half of tho truss 
Tho truss has a char span of 40 ft , a depth of 5 ft , and the total hmd which is placed upon 
tho lower chord+is equal to 21 tons. The distribution of this load will be us follows , — At tho 
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points D and D 1 there will be 7 tons, and 3*5 tons will be supposed to rest directly upon the 
abutments. The weight of 7 tons at D will be borne by the vertical tie D B, whence it will be con- 
veyed by B A to the abutment A, and a due proportion by the other members to A*. The respective 
strains will be as follows Let L = span of truss, x = distance of D from the nearest abut- 
ment, W = total weight, and EE, = the separate portions of the weight. Then R + B l = W, 

R = — - and R, = — . Prom which R = 4*66 tons and R t = 2 *33 tons. The first of 


these will produoe compressive strains in the upper flange B O l , and in the diagonal B A, and 
tensile strains in the vertical B D, and in the parts of the lower flange A D and D C. Similarly, 
the latter portion of the weight will oompress the parts B D l , B 1 C 1 , and B 1 A 1 , and stretch 0 D 1 , 
D l B l . A similar action arises from the weight of 7 tons situated at D 1 , and the sum of the two 
gives the total strain upon the various members of the truss. These strains are tabulated in 
Table II. 


Table II. 


Weight at 

Bars. 

AB. 

AD. 

| BC‘. 

BIU 

Bl). 

DC. | 

DBi. 

n / 

+13*40 

-12-GO 

+ 12*60 


-7 

-12*60 


D \ 

.. 



+6*70 


.. 

.. 

D‘ .. 

+ 6*70 

- 6*30 

+ 6-30 

•• 

-2*3 

-12*60 

+6*70 
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-25*20 

+C-70 


The strain upon the bar A B may be chocked by calculation. It is known to bo equal to 

BD 


W 

2 sin. 0 


To find 0, or tlio angle B A D, wo have tang. 0 = -,or log. tang, 0 = log. 5 - log. 13*333 + 10. 

A xJ 


Solving, log. tang. 0 = 9*574021, and 0 = 20° 33". 


Consequently the Btrain upon AB = 


B1IL. 0 


: ;rTrr win =: 19*^4 tons, which is a sufficient approximation to the result obtainod by the goo- 
0* 35102 


metrical process. The dotted lines represent the hand-rail, which has nothing to do with the truss, 
theoretically considered. If B D or B 1 1) 1 were made struts instead of ties, and the load placed 
upon the top, then the diagonals BD 1 and B l D would be in tension instead of compression. 
Moroover, if the dotted linos DF and I) 1 F 1 weio ties under the same circumstances, so that the 
force of the truss was represented by F, F\ D*,D, then, with a load only at B, there would bo no 
strain upon the diagonal B D*. But if there be a load of 7 tons upon B and B l , and the strains 
be worked out for the tiuss represented by F, F 1 , D l , D, they will be found to be equal in amount 
to those already obtainod for the truss ABB 1 A 1 , although of an opposito character for the 
corresponding bars. The strains upon tho flanges will be tlio same, both m amount and cliaiacter, 
and they will be a maximum in all cases when tho truss is uniformly loaded Tho maximum strain 
that tho trusB will undergo will depend upon tho position of the load, both with respect to the 
flangos and tho distance from tho abutments. In Fig. 582, if the load were placed upon the top 
member, that is, upon B and B l , and both B, D, and B 1 , D 1 were ties, then either would undoigo 
its maximum strain when it was itself free from load, and the other apex loaded. If tho load 
were plaeod on tho lower member under similar circumstances, thon tho maximum strain would 
take place whon both apices were loaded. Supposing B, D, and B l , D 1 to be- struts, the conditions 
of tho maximum strains are exactly reversed under the same methods of loading. It would not 
make any material difference in a span so small as 40 ft., so far as the strains are concerned, 
which form of truss was employed, but there might be a slight gain by making the bars B D 
and B l D l struts instead of ties. In that case, the truss would take tho shape of F F 1 , D 1 D, and 
all tho diagonals would be ties. The truss in Fig. 582 is suitable for either a uniformly distributed 
or a moving load, as tho diagonals intersecting each other at tho centre of the truss are counter- 
braood, and can aot either as struts or ties as the position of the load may demand. The strains in 
Tablo II. are those upon one half of the truss, resulting from the combined action of the two 
woights situated at the points D and D*. The strains upon the other half are precisely similar, 
but tho action of the weights will be reversed. 

The strains upon tho other bars in tho truss in Fig. 582 may be easily calculated. The strain 
upou each of the central braces B D l , B 1 D, will be equal to the vertical component of their load, 
multiplied by the cosooant of their angle of inclination to the horizontal. 

Timber is but little used in England for bridges of any importance, but they are still built in 
countries where it is abundant, and where other circumstances render the employment of metal 
inexpedient American timber bridges do not last in good condition more than twelve or fifteen 
years, the wood being generally unseasoned, and shrinking much after being framed. When 
covered in to protect them from tlio weather and well oared for, any shrinkage of the braces being 
immediately remedied, it is said that these bridges will remain in good condition double the usual 
time, or about twenty-five years. Some English and continental bridges of timber have, however, 
lasted much longer than this. In any ease they are liable to fire In warm weather, and when 
used for railway communication. If employed, the timber should be of excellent quality, 
seasoned, and protected by chemical treatment. » 
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Unit Strom in Timber Bridge*. — The unit strain, or safe working load, which may be put upon 
each square inch of timber, as determined from a large number of timber bridges constructed in the 
United States, for the different members of the bridge is as follows. Unit strain in upper chords 
in compression = 797 lb. an inch of nett sectional area ; in struts or braces also under a compressive 
strain = 743 lb. ; in lower chords in tension = 955 lb. The compressive strain should be loss if 
the ratio of length to thickness be f^roater than fifteen to one, and in England it would bo 
difficult to find a timber bridge in which the strains are greater thau one-half those stated, or say 
from three to four cwt a squaro inch. B. Baker’s rule for timber struts with a factor of safety of 

3500 

five is ; — Working load in cwts. a square inch = — - — — when r is the ratio of length to loaBt 

o50 4* r* 

thickness. 

Iron Bridges . — In all instances where strength and durability are considered to bo of greator 
importance than mere first cost, bridges of either cast iron, wrought iron, or steel, arc the modern 
representatives of this description of engineering work. Of these three materials cost iron having 
been first employed for bridges, we shall commence with it, and shall give, in addition to the theory 
of the subject, a few examples of oxisting bridges and girders, which serve to carry roads and 
railways. 

Cast-iron Arches. — Cast-iron arches were prior to cast-iron girders, Southwark Bridge, with its 
central span of 260 ft., and side spans of 240 ft , still affords, in one sense, an almost unrivalled 
spmraeu of a cast iron arch. The distribution of material in it is not, however, Buch as to recom- 
mend it for selection for future imitation, since the arch ribs nro little else than flat odgo plates 
instead of being of a girder section. 

The theoretical part of the subject applies equally well to arched ribs of any elastic material, 
whether cast iron, wrought iron, or steel, anil it will therefore not l>e necessary to recapitulate when 
we give practical examples of arched bridges of the two latter materials. 

StnnuH ujHjn Arched Jixhs . — The general problem of the strength of arched ribs is ono which, 
although it does not requiro for its solution the application of any very abstruse principles, 
sometimes involves very laborious and intricate calculations. For many practical purposes, 
however, it is possible to obtain solutions of particular caws by simple pioeesscs, and one of the 
means of simplification is to suppose the arched rib to bo jointed at the clown. 

In Fig. 583 let A DOB be the neutral line traversing the centres of all the cross sections of a 
half-rib of any shape, abutting at its base B against an abutment, and joint* d at ilH summit A to 
the summit of the opposite lialf-iib. Let the half-rib A 1) C 11 have a vertical load distributed over 
it in any manner. That vertical load will include that part of the load, if any, which is concentiatod 
upon the* end of the half-rib at A. 
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aotion at that cross section upon the rib regarded as a bracket. Through V draw Y H, representing 
the horizontal thrust of the rib. Join NH; this will represent the resultant thrust at the cross 
seotion L M. From IT let fall H P perpendicular to L M. Then P H will represent the amount 
of direct normal pressure at the cross section L M, which will be uniformly distributed, and will 
give rise to a compressive stress, to be added to the compressive stress at L due to the bending 
aotion ; and N P will represent the actual shearing action upon the cross seotion L M, which in an 
arched rib will have to be resisted by the diagonal bracing. 

At the section of the greatest bending moment C in Fig. 583 the resultant thrust is altogether 
normal, and the shearing action X P vanishes. Tiie greatest shearing aotion in most cases which 
occurs in practice is that exerted at B, and throughout the vertical part of the rib, and it is equal 
to the horizontal thrust H ; but there are some oases in which the shearing action may be greater. 

The following are the results of the application of the preceding principles to a semicircular rib, 
Fig. 585, under a uniformly distributed load. Let the nse G A » a and half the span G B = b. 
Let A denote the load that is concentrated at A ; w, the load a unit of span on the remainder 
of the half-rib; the horizontal distance of any point fiom the vertical plane A G. Let r be the 
radius of the neutral line A B. Then the vertical load at B is V 1 = to r = to x DE; the greatest 
bending moment is exerted at 0, 60° from A, and tends to break the rib there, as shown m Fjg. 586 ; 
being the same with the bending moment exerted by the same unifoimly distributed load on a 
beam of half the span of the rib. 



The normal pressure at C is P = 2 H = w r. 

If the load, instead of being to pounds on each foot of span, is to pounds on each foot of circum- 
ference of tho neutral line A B, both the position ot the point of greatost bending moment, and tho 
amount of that moment, are very neaily the same as in tho previous case ; for the arc A C subtends 
about G2J° ; and the gieateBt bending moment is— 

M' as 0*124 ior 8 ; 

but the other quantities are different, being as follows ; — 

\ x = 1*57 wr; II = 0*57 ter; P = 1*23 ter. 


Tho case of a lioiso-bhoe rib, in which each half-rib consists of a quadrant of the radius r = O A, 
and a vertical leg of tho height G O, forming with the quadrant a rigid rib of the total ribo 
A G = a is represented in Figs. 587 and 588. The load being uniformly distributed over the span 


at the rate of w pounds on each foot, draw the horizontal lino A D = ~ ; draw tho vertical line D E 

m 

meeting the horizontal radius in E ; and join D B, cutting the same radius in II. Then 
I) E represents tho resultant load on the half-rib, E H the horizontal thrust, and D H the resultant 

r 1 Q 

thrust at B. To find the point of greatest bending moment, take 0 F = — = - ■ , and through 

ACt A A \Jr 


tp>2 / f \J 

F draw the horizontal lino F C. Tho greatest bending moment is M' = — (1 — — J ; the vertical 

. to i s 

load at B is Y, = to r os before ; the horizontal thrust is II = E H = — , and the normal pressure 
at 0 is P as tor. 

To adapt the cross section of a i ib to the bending moment M' combined with tlio normal piessuro 
P, lot A bo intended depth of the rib ; in' A the part of that depth which lies between tho neutral 
axis and the compressed edge ; q the ratio which the square of the rudius of gyration of the cross 
section bears to the produot w' 4* ; and / tho greatest intensity of tho working stress ; then the 
required sectional area is — 




all dimensions being expressed in the same units. 

To find the intensity of the tension t, at tho stretched edge of the cross section of greatest 
bending momeut, let nr A be the part of the depth of the rib which lies between the neutral axis 
and that edge ; then 


t 


i ( «rw_ 

S \ m! q 4 


P); 


all dimensions, as before, beiug expressed in the same units. 

In a semi-elliptic rib springing from the ends of its horizontal axis and jointed at the crown, the 
principle of tho transformation of structures shows, that the^ horizontal thrust h> to the nori- 



BBIDGE. 


939 


zontal thrust of a semicircular rib of equal span, under an equal load similarly distributed over the 
span, as the radius of the circle is to the rise, or vertical semi-axis, of the ellipse; and by the aid 
of this principle, all the strainiug actions on a semi-elliptical rib may be deduoed from those on a 
semicircular rib. The following are the resultant rules, in algebraical symbols, when tbo load is 
uniformly distributed over the span. Let to be the load on each unit of span, 6 the half-span, and 

to 6* 

c the rise ; then the vertical load at the springing is V , = to b ; the horizontal thrust is H = • 

2 o 

the greatest bending moment is oxertod at a cross section tho vertical height of whoso oontre above 
the springing is equal to ~ , half the rise of the rib ; and that moment is 


M' = 


Ho 


to 6* 

T 5 


Tho normal pressure at that cross section is 

P = */(IP+ i V, 5 ) = + £)• 

In a horso-shoe rib, formed of a semi-elliptic arc with straight vertaoal legs, jointed at the crown 
and loaded uniformly over tho span, let a be the total rise, so that a — c is tho longth of a leg. 
Then wo have vertical load at B, Yj = tc6, as bofore ; height of tho point of greatest bonding 

moment above the horizontal axis of tho ellipse, ^ ; horizontal thrust, H = ; groatost landing 

ffl Ifi / £ \ 3 

moment, M' = f 1 — ^ ~ ) I normal pressure at tho cross section of greatest bending moment, 

P » V {H. + T,.(l - iJ) } =. % v/ g + 4 -'} ■ 

It is to be remembered that the preceding principles apply only to thoao cases in which tho rib 
depends for its resistance to bending on its own stiffness alone, and not on tho additional stiffening 
effect of bracing in tho spaudrils, or of abutting pressure transmitted tlnougli tho spandrils ; for 
the effect of such bracing and pressure may be, lo make tho real neutral lmo of tho combinod rib 
and spandril assume, a form quite different from 
that of tbo rib itself: so that, for example, a 
rib with a semicircular or semi-elliptic intrados 
may become merely a parabolic rib m disguise. 

When the load upon an niched rib jointed at 
the crown is unsymmetricallv distributed, tho 
pressures may be ascertained as follows In 
Fig 589, let A be the crown of the lib, and let 
tho horizontal line X, X, = 2 6, which is bisected 
in A, represent the span. Let R represent 
the resultant load, which, if tho distribution were symmetrical, would coincido with A, and lit 
tho deviation A R be denoted by x\ Then let V, and V 2 bo tho vertical pressures exerted at the 


b 




springing joints which are below X, and X 2 respectively ; then 


V, = R 


h-x' 

inr' 


V, = R 


b + x* 

"IT V 


Let W, and W 2 bo tho two parts of the actual load, which directly rest upon tho two halves of tho 
span AX, and A X a respectively ; and make 

V,-W I = W 2 -Y a = Q. 

Then the load upon the half-span A X, , namely V, = W. + Q, is to be treated as made up of the load 
W, which directly rests on that half-span, combined with an additional load Q concentrated at A ; 
the load upon the half-span A X,, namely V, = W. - Q, is to be treated as made up of tho load W f 
which directly rests on tho half-span, combined with a negative or upward load — Q concentrated 
at A ; and the state of stiain on each half-rib is to bo determined from thoso data, according to the 
method already described. ° 

Practical Pules for Arched R\bs, 

A = sectional area in sq. in. at the springing 
A 1 = „ „ centre 


A* = 


1 aunch 


Then for round-ended arched ribs, A = - 


A .-f£±J). 

* "2 

* d 


A* = 


ab 


t - 


8 r r 

Td 


For square-ended arched ribs, 


Ar 


t — 15r x 


"2 

d 
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Here t — tons a square inch on tho metal ; W = total distributed load in tons ; to = 
total load to rolling load ; r = ratio of span to rise of arch ; 

fij . fr + l + V ’- 1 fr + 1 + "” 1 


4r 4^ 


And tho value of x, In England, = 1*02 for cast iron, 2*75 for wrought iron, and 3*44 for steel ; 
and in countries, such as America, where there are great extremes of temperature, about two and 
a half timos these amounts. 

The strain /, in tons a square inch, may in ordinary cases be taken at 3 tons for cast iron, 
4 tons for wrought iron, and 7 tons for steel. In several existing bridges, however, the actual 
strain is at least two-thirds greater. When the web constitutes an appreciable proportion of the 
whole cross section, as is the case with cast-iron arches, the effective area of web should be taken 
loss than tho actual area in the projiortion of to — 1 to to. 

It is just a century since the first cast-iron arched bridgo was erected. It was built across tho 
Hoveni, near Ooalhrookdale, Shropshire, in a single semicircular arch of 100 ft. diameter. This 
first experiment with tho new material was not a perfect success. The semicircular form was ill 
adapted for such a structure ; and there does not seem to have been sufficient allowance made for 
the difference between a solid and an open spandril. Tlie result was a partial fracture of the arch. 
Tho next cast-iron bridge was built across the Wear, at Wearraouth, near Sunderland, in 1796. 
Tills time tho form whs segmental, the span of tho arch being 236 ft. and the rise 34 ft. About 
the same dato there was one erected by Telford, near Shrewsbury, the chord of the arch 
in this case being 130 ff. and the rise 14 ft. Telford seems to have been so fully convinced of 
tho fitness of cast iron for bridges of large span, that a few years later, in 1800, he and Douglas 
prepared plans for replacing old London Bridge by a single arch of 600 ft. span. Their design 
was submitted to a committee of the Houso of Commons, then considering the question of rebuild- 
ing the bridge. Tho committee* took tho opinion of those best qualified to judge of the feasibility 
of tho design ; ami, although it npiwurs that those consulted differed widely as to the nature of tho 
strains iu tho proposed arch, they were unanimous in considering the construction of a east-iron 
arch of 600 ft. span as perfectly practicable. It was ultimately decided to build n stone bridge, hut 
tho reasons which l<*nd to this decision, do not seem to have been due to any miBgivmgs as to the 
power of carrying to a successful issue a project of so novel and bold a character. 

From this time, tin* beginning of tho present contury, cast-iron arches increased in general 
favour, many of them being built iu different parts of the country; and when tho best means of 
currying the Chester and Holyhead Railway ovor the Monni Ktraits came to bo considered, one of 
tho proposals was a east-iron arch of 450 ft span. Whatever advantages may be claimed 
for girders, and they urc doubtless many and great, yet it must bo allowed thut when considerations 
of lxsiuty form an eleim nt in tho design, the gird< r must give placo to the arch. 

Tho ribs of which niches urc composed are generally cast iu several pieces, which have their ends 
carefully planed, so that those which are in contact limy fit accurately when the rib is in place. 
They are then bolted together through flanges east on the end of each segment. Tho consequence 
of securing the segments together in this way is that the rib is capable of resisting tension us well 
os compression, differing in this renjx'ct from voussoir arehes, which can only be relied ujk>u to 
rosist comiirossion, as the adhesion of mortar, or even cement, is considered too fee hie or too 
unccitain to warrant its being taken into account, as capable of resisting forces winch tend to 
open tho joints of tho masonry. The commonest form of rib is the segment of a circle, with a rise 
of about ono-tonth tho sjmn, tho section of tho rib Wing the I, tho depth of which increases 
slightly from the crown to tlie springing. Itihs of this form are designed of sufficient strength to 
lnuir the whole loul, the only estimated function of the spandril being that of transmitting the 
load from the roadway to the rib. In oases, however, whore the sjiaii is so small thut tho rib can 
be tvist iu one or two pieces, it is usual to make tho top flange horizontal, and to cast the spandril 
iu tho same piece with the flanges. That is, the web of the rib forms the spandril, which is con- 
sequently taken into oecount in estimating the si ctiou required for a given load. 

For some additional information with reference to the strains upon arched ribs and the 
analogy bet woo n the central strain upon an arch and a gitder, see the article on Roofs in this 
Supplement. 

Atvh Bribes over the Severn. — Figs. 590 to 003, two railway bridges which cross 
the Severn, the one at Areloy, neur Bewdloy, tho other on the Ooalbrookdale line, which is a short 
branch of the Severn Valley, The first-named work was completed in 1861, and is known us the 
Victoria Rridge ,* and the latter, opened in October, 1864, was named tho Albert Edward Bridge. 
They were designed by Johu Fowler, and are of identical dimensions, and although not quite the 
largest arches over constructed, they are tho largest cast-iron arched spans yet erected for carrying 
railway traffic. A description of one will suffice for both. 

With a spun of 200 ft iu the clear, and a width of 27 ft. 6 in., the Albert Edward Bridge 
stretches from abutment to abutment, giving a headway from the surface of the water to the under 
sido of the main ribs of 40 ft. The rise of the arch in the centre is 20 ft, or one-tenth of the span, 
and tho depth of the curved girder 4 ft. *• 

Tho strength and arrangement of tho abutments will be ascertained from Figs. 590 to 
592, which are respectively longitudinal, horizontal, and transverse sections. The founda- 
tions are entirely surrounded with sheet piling, which encloses an area 66 ft long by 34 ft. 9 in. 
wide and 19 ft 6 in. deep. This space is filled with 1650 cubic yards of ooncrete, and forms 
the foundation on whioh the abutments are constructed. The level of the pound is 3 ft 
above the surface of this moss of conorete, and 14 ft. below the springing of the mam ribs, to which 
height tho face of the abutment is built in solid briokwork 8 ft thick. The arrangement of the 
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moulded stone eonree beneath the springing and the skewbaek is shown m Fig 590 y the brickwork 
behiud the skewbaek bang set tn cement, bonded with iron, and convenient reoesses are left 
beneath for the reception of the holding-down bolts, which hccuro m the ir plaou» the east iron shoes 
m which rest the rounded ends of the main ribs From tin. top of the skewlmok to tormation level, 
the abutment has mi rely to retain the earth contained within the taco and wing walls, and the 
thickness is gradually dt creased from 8 ft to 2 ft 7} m Tho face of tho abutment is strengthened 


rr_r-~3rzin 




by concrete bat king, increasing from a tluckm bs of 1 ft b in at formation low 1 to 33 ft at tho foot 
ot brickwork, Fig 590, and thru rows of horizontal nn lies linnsfoi the llnnst from tin lu<< of 
the abutment to the wing walls Tin ho latte r ha\u a tint knots of 7 ft 2 in at tin base, 
gradually docrcafling, as tho pressure of tin r< tinned wirth dimiuisInH, to i ft 7J in af formation 
It vd, and they art tud together with tout in tliamtttr bolls Lx- 
ttrnnlly the abutments presint a s\ nundinal though not highly 
ornamental appearance , tiny are of brickwork, with atom mouldings 
and jMirapets 

There ure four mam ribs, It, It, Figs 502 and 503, plaod 4 ft. 

11 m and 6 ft apart, so thut tin ct litres of the ribs conic ult with tho 
position of tin line of pennant lift way The gtntral const nn turn of 
the mam ribs is shown in Fig 590, and m tross stetion 1 ig 591, 
as woll as ui detail. Figs 598, 599, and 004 Tiny ar< 4 ft in depth 
in the centre, increasing to 1 ft 9 m at springing, with a top and 
bottom flange 1 ft 3J in wide, and 2 in thick, which also is the 
strength of the web Nine segments, each 22 81 ft long, with the 
uitradoe curved to a radius of 200 ft, complete the rib The con- 
struction of the end segment is shown m Figs 598 and 599, where 
it will be seen to terminate with a roumltd heel, curved with a radius 
of 2 ft m and strengthened transversdy and longitudinally with 
ribs and feathers This rounded end fits into a curved shoe, whnh 
is held down to the abutment by seven 2 in bolts G ft long Tin 
shoe is 3 ft in breadth, corresponding to that of the mam rib, which 
is widened out as shown m the plan, and G ft long ov< r its bex’-pluti , 
the thickness of metal averaging 2{ m Both shoe arid heel of main 
nb were cast to as nearly a true fit as could be obtained, and aft< rwurds 
the surfaces were facod, arfd ground one on the other, so that extreme 
accuracy of contact was obtained It is found, however, that the girders do not turn at all 
upon these joints, but rise and fall m the centre with the variations of U rap# Future 

Horizontal wrought-iroo girders 2 ft deep, and of section Fig 5%, mat on the top of the 
spandnl filling, beating at one end, on the aoutments, 22 ft above the springing, and merging 
into the main nba, at a point 18 ft from the centre of the bridge. The upper and lower 
flanges* bowevft, are continued until they meet the corresponding girder on the other side. These 
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girders are of ordinary construction, with a constant cross-sectional area throughout of 8} square 
inches. The thickness of web is -fa in„ and the top and bottom angle-irons are 3f in. x 3 in. 
X fin. 

Stiffeners of the construction shown are placed 8 ft apart, at the joints of the web-plate, which 
are made good with f in. covers 1 ft. wide by 1 ft 4 in. deep. Intermediate T-iron stiffeners are 
also placed at intervals of 8 ft The cover plates of the bottom flange are placed on the inside of 
the girder, so that the web has to be notched, and the angle irons cranked, to accommodate the 
extra thickness. This is done to preserve a perfectly flush surface on the under side, and all rivets 
have countersunk heads for the same purposo. 

The spaoes betwoen the under side of the horizontal girders and the main ribs are filled in with 
cast-iron standards, os shown in Fig. 590, and in details, Figs. 597 and 604. The standards are 
placed 4 ft. apart, fiom centre to centre ; they havo a cruciform section, and vary in size from 
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12 in x 6 in., 1J in. thick, to 9 in. x 6 in , 1^ in thick In each cabe they arc cost in4-ft lengths, 
the joints being made with If in. diameter bolts midway between the standards, as shown in 
detail. Fig. 604. On the lowor side they arc secured to the main arch rib by 1 in diameter bolts, 
placed 12 in apart, and at top they are fastened to the horizontal wrought-iron girder by J-m. 
bolts, tt m. ajiart, which alternate with the rivets in tin bottom tlnngo of the girdtr. Horizontal 
struts, of the construction shown in Figs. COO and 601, aro placed between the main ribs, and 
bolted thereto. The distance Victweeti them varies from 16 ft 6 in to 8 ft 4 in , the space being 
governed by tho longth of the Himndril standard. These struts are formed from two channel-iron 
lolled lieuniH, 4f m. deep, 4 In thick, and 14 m wide across tho top and bottom tablts, placed back 
to back, and riveted together, except at tho ends, where they are opened out sufficiently to admit 
one web of tho simndril standard, while the ends are turnod back to bear against tho other web, to 
which they are fastened by two If in. diameter bolts. Fig 593 shows the method of vertical cross- 



braeing between the main ribs, adopted for this bridge. It consists of a series of cast-iron struts of 
tho section shown, the top aud bottom horizontal members being circular, and 4 in. in diameter, 
and hollow to admit of the passage of a 1} in. diameter bolt, w liich secures them to the main ribs. 
There aro two sets of struts to each segment, or eighteen altogether in the whole length. At tho 
top and bottom of these struts, tie-rods, 1} in. in diameter, extend diagonally from rib to nb, 
forming a thorough system of horizontal bracing throughout the bridge. The spundrtl standards 
aro tied together vertically by diagonal bracing rods 2 in wide by f in. thick, and horizontally by 
bars of the same scantling, which do not cross each other, but are turned round at a distance a 
little short of the centre of each hay, and aro bolted together by 1} in. diameter bolts passing 
through iron dlstanoo pieces, which aro suspended from the platform overhead. Figs. 594 and 595. 
The wrought-iron girders underneath the roadway are also similarly braoed, horizontally and 
vertically, in each ease with tie-rods 2f in. by J in. ; struts, formed of two T hrons If m. by 
8f in. by n V in., are bolted horizontally to the bottom flange of tho girders, as well as to the top of 
the simiidru filling, at sliown in Fig. 597. 

It is to this complete system of bracing throughout the structure that the bridge owes its lateral 
stifihess, the width being so small as compared with the length, that the greatest care waa 
necessary in designing this part of the work. Upon the roadway girders, balks of timber 13 in. 
square, aro laid and bolted to tho top flange at frequent intervals. Into these longitudinal timbers. 
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cross beams of rim bur scantling and 4 ft apart arc tenoned in the mt thod shown, Figs 605 and 
603, and upon them a close planked flooring, 3 in thick, is spiked Tho ballast which is laid 
over tho platform to a depth of 9 in , is prevented from falling over the sides of tho bridge by 
oast iron facias 12 in high, and panelled on tho outside, which run tho whole length of the bridge 
On these facias the handrailing is secured Short pipes, 3 in in duiweU r and about 6 in long, are 
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passed through the fl<jormg, and carry off such drainage as may accumulate on the ballast 
Them pi|KM are placed in time rows, transverse lj, and at intervals of alsmt 20 ft Before 
i ration, all th< g»rd< rs w< re U sttd, and oath s< gmeut of tin mam ribs was provod separately on 
th< coneu'u as well as tho 
conv< \ sidt, a load of idxmt 
70 t us bang upplud to 
the ct litre of each without 
causing them to show an\ 
jKrmantnt stt, und only a 
<h flection of about 0 08 m 
Some of these pxc*s, 
winch w«r< slightl) defic- 
tive castings were brokui 
under a eoitral load of 
430 tons As l>efore stated, 
the bridge, though alwa)s 
in motion from the influence 
of expansion or contraction, 
ntvt r tarns m the U ost dt - 
gree on tlx rounded ha Is 
at the springing of each nb, 
but nsi b and foils by virtue 
of its ow n elasticity During 
the course of erection, the 
arched ribs have been known 
on a day to lift themselves 
clear of the scaffolding for 

* T^eVollowmg u a detailed description of tho quantities and material employed 



Concrete . 

Brickwork 

Stone for bed-plates, coping pieces, Ac 
Timber in shfeet piling 
Cnraotcd fir in beams and flooring 
The total weight of east iron 


8344 cubic yards 
2578 „ 

1780 cubic feet 
1938 ♦, « 

3400 ft tt 

348 tons 
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Before the opening of the railway for public traffic, the bridge was tested with a moving 
on each pair of rails, consisting of an engine and tender weighing 45 tons. The greatest deflection 
was \ in. The comparatively great amount of material required in tho abutment of an aren 
bridge will be apparent on referring to Fig. 590. 

SOS. a6a 



Cast-iron Arch Jh'idge at York . — This bridge consists of a Tudor arch of cast iron, 175 ft. span, 
25 ft. rise, shown in Figs. 605 and 606, in half-elevation and longitudinal section, Figs. 609 to 618 
being of details. Fig. 607, a transverse section at the centre. Fig. 608, a transverse section of 


l 



bridge at 0.0, on internal rib. Fig. 617, section at h\ Fig. 616, section at cl. The spandrils arc 
fitted with open Gothic tracery, the principal openings being charged with shields bearing the 
arms of the see of York. The interior spandrils are fitted with an iron plate, pierced to correspond 



in pattern with the external Gothic spandrils. The parapet, Fig. 609, consists of quatrefbii 
openings. The springing-line of the bridge is at the ordinary summer level of the river. The 
six longitudinal jibs are entirely of cast iron, and are 8 ft. deep at the cnfwn, increasing towards 
the abutments. These ribs are stiffened by cross beams, varying in depth from 2 \ 10 in. at the 
crown to 8 ft. 9 in. as they approach the abutments. A bed is cut in the brickwork for the 
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reception of the skewbacks against which the ril>8 abut, the skewbacks renting upon granite slabs 
18 m. thick. 

A covering of corrugated plates rests upon the bottom flange of rolled iron joists, placed longi- 
tudinally upon the transverse girders. The oorrugatod plates for the carriage-way are | m. thick, 
and for the footway £ iu. thick. 



The carriage-way is formed of a layer of concrete 3 in. thick, consisting of cork and bitumni, 
placed immediately upon the corrugated jdates, upon tins is a layer ot concrete, termed of I’oitlaml 
cement ami gravel i and ujnm the latter h placet the granitt paving. The tootpaths consist of a 
laver ot concrete 6 in thick, covered with 3 hi. York paving 
The estimated quantities for the bridge were , — 


Tast iron 
Wrought iron .. 

Koudwn) 


ton* owt qr* 

233 0 0 


(13 1 1 


i i y^j y5 y% 


•''O'* 1 I -5 

221 15 0 
532 16 1 “ 


It R i 4 * . 4 H >' 


3 


Instead of the < xtremities of the east iron ribs of this bridge In ing free to move, ns in the case 
of that last d< scribed, th<) abut against a cast-iron skcwhuck, KigH GOG, Gil, and GJ5, the two 
1 itter liguns la mg mictions ut E(J and (’ I) u hjh.*cIiv< 1), and art l>oUtd to it. A similar arrangement 
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occurs in the eoinjmund ribsot Westminster eu 614 eis. oio 

lirldgt The increa* m d< ptli of the nlm 
of London liridgt , from the crown towards 
the springings, is to be jurticulurly notice d, 
os it adds very much to the gran ful appear- 
ance of the arch. The sections ot the ribs 
an* given in Figs. 610 to 613, which show 
also the short cast-iron girder which braces 
tog» tlier the arc hid nbs transverm 1> to the 
interior flanges of which they an* bolted. 

Itrutyc ot tr th* Trent at Hottuujluim . — 

Tins bridge, Figs. G19 to 629, was designed 
by M O. Tarbottou. In the vicinity of 
Aiottingham the volume of the river Trent 
is both large and inconstant The* rainfall 
is quickly brought down from the higher 
districts into the mam river. The water 
has been frequently observed to nee at the 
old bridge as much as 2 ft. within t ight or gg 

ten hours after the fall of half an inch of 

rum The surface of low summer water at t — i ~ — l - A f t i 

the Trent bridge is 65 ft 8 m above mean 

or half-tide level at Hull. He an summer water may be considered about 1 ft. higher ttian this, 
and the mean yearly summer level is about 68 ft 8 in. above mean tide. 

The surfifce of the road over the bridge is level from end to end, and is about 3 ft. higher 
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than the highest port of the former bridge rood, this being necessary in conseqnenoo of tho require- 
meats of the navigation, and also by the rise of the large a relies of the bridge. 

The bridge crosses the river at right angles to the mean course of the stream, tho waterway l>oing 
by three openings, each 100 ft span. On the north side is an opining, 10 ft. in width, for tho 
haulin^-path during floods, and on the south side are three flood arches, 18 ft., 15 ft., and 12 ft. wido 
respectively. 

The foundations are carried into the rock, and the abutments and piers below the lowest water- 
mark, are of brickwork in cement. The cxjiosed burfaces of tho abutments and piers are of rock- 
fucod Dcibyshhe grit the ornamental parts being of red sandstone, magnesian limestone, and 
granite. The footpaths are of Yorkshire landings, and hitumenized oonen to and broken stone 
for the carriage-road, and cast-iron gutters. The jmrapet is of east iron, ojkmi and ornamental ; tho 
recesses and seats over the piers are of stone. Tho capitals of the cluster* d columns of the piers 
arc carved elaborately, and the spandrils of the outside ribs are tilled in with geometric 
open work. The ornamental portions are gilded and minted in relief, so as to give efttet to tho 
body colour of the rest of tho bridge, which is (minted a quitt shade. Tho width of tho bridgo 
clear of the parapets is 40 ft., containing footpaths 8 ft. G in. wido, and a roadway capable of 
accommodating three lines of carriages. 

This bridge has threo spanB, each of 100 ft. in the clear, making, with the stone arches 
of the approaches on cither side, a total length of 700 ft., as in Fig. 010. The roadway of the 
bridge is level, and stands 27 ft. abovo tho summer level of tho river, with n char width 
between the parapets of 40 ft. Tho carriage-way iB 2G ft. wide, and there are two footpaths, 
each of 7 ft, Tho north, or Nottingham approach, has a gradient of 1 in 47, and the south 
approach 1 in 84. The material of 
the large main arches is cast iion, 
and each arch has eight ribs or 
ginlt rs K It, Fig. G20, 8 ft. deep at 
tho springing, and 2 ft. G iu. deep 
at the ciown, Fig. G21, tho mean 
section lxing of an | form, 2 ft. 

9 in. deep, with top and Imttmu 
flanges measuring 7 in. by 1’ in. 
and 9 m. by 2 in. reap* ctively, as 
in Fig. G21. r Ihe form of heetmn 
ot the Incc rilw and that of tho oi- 
dinary ribs is shown in Figs G2I 
and G25; and tbot-eribs have bolted 
to them transverse w rough t-iron 
girders, which cairy the loadwuy 
platform; the latter is formed of 
wrought-iron curved plates and Mall* it's bnckhd plates, riv< hd togcthei with"]* and L iron 
stiff* ners, shown in cioss section in Figs. 022 and G29. l’viry arch has stiong bracing fr tim 
Fig. G28, to connect the several ribs together, and nil the joints of the ironwork are plumd tine, 
and connectid with iron pins or bolts, which were piewously tunas) smooth in a lathi , and 
fitted into holes drilled, when fixed in place, through the ironwork. The face ribs, Figs. 019 and 
027, aioof an ornamental character, nml are moulded on the low* r odg< s mid on tin* upper linos 
of the arches. The spandrils are recc-sed and moulded, and contain medallions o / cast iron, 
fitted within g< (metrical empmgs eneheid in mould* dcirchs oi traeeiy The designs for the 
enrichments vary iu each comp.irtm* nt, both m mizo and detail. Over the niches ami spandrils 


nn onmmcntal moulded cornice of east iion runs fiom pier to pi< r. The whole is surmounted by tho 
jKuajmt Fig. 027, which is of geometric and continuous design, formed of cust-iron open work, 
with intents or flowtrs at the intersections of tho curved lm< s. 

The carriage roadway of the bridge, Fig. 022, is formed, first, of a layer of bituminous concrete, 
fo protect the iron plates from oxidation ; then of a foundation of Poitland cement concrete, and ef 
a layer of Val de Travers aspbalte. Tho bridge is inade strong enough to carry the y* ry heaviest 
traffic, os will be seen from the following description of tho trial loads ; — The calculab d strain 
upon tho ribs in the centre was 1*4 ton, when the bridge was loaded with a distributed weight of 
2 cwt. a square foot over the surface of the bridge. Then, taking the groat* st moving load nt 
2 cwt a square foot the gross weight of and upon each arch would be 850 tons. It is difficult 
to see bow 2 cwt of live load could be put on the bridge, except by ti eating each pair of ribs as 
a lino of railway, and placing locomotive engines thereon. There would then Is* eight engines on 
each arch, qgaal to 400 tons = 2 cwt a square foot In the test the surface was crowded with 
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oart* 8Ued with granite, and pawed alone at all speed* without sensible deflection or much 
vibration. The weight of the ironwork in the bridge is as under ; — 


Cast iron — 

Main inside ribs 

Bpandrils for ditto 

Faoeribs .. 

Ornaments in face ribs 
Cornice, coping, and parapet 
Bracing and other cast iron . . 
Wrought iron 


tons. 

254 

104 

160* 

5 

112 * 

60* 

173 


869] 


The above weights do not include the railing on the approaches or the lamp pillars. 

Cant- iron Flatujcd Girder*.—' The form of girder in almost universal use since the researches of 
llodgkinson is the flanged type, Fig. 630, of which the girder used in the covered way of the 
Metropolitan Railway, represented in section and part elevation Figs. 631, 632, is a specimen. 


630 . 



631 . 



One great jiractical inconvenience attaching to the use of cast-iron girders is tho necessity ot 
testing each girder in order to dcti'ct the existence of dangerous flaws. The girders, Figs. 631, 
632, were tested in pairs by hydraulic pressure; and with a stress equivalent to a loa'd ot 45 tons 

applied at tho eentro tho average dofloction was g in. By the ordinary formula B W. = , 

the breaking weight at the centre, with an estimated ultimate tensile resistance of 7 tons a sq. in., 
would Ihj 


„ ... 4 ft. x 2 ft. 6 in. x 7 tonH x 42 5 sq. in. 

B.W. — — op A — =119 tons. 

25 it. 

The horizontal strain upon any }>oint of a girder, uniformly loaded with a distributed weight, 
will vary as the rectangle undei tho segments into which the j»oint divides the span of tho girder, 
amlcoiiHoqui ntly the breudth of the liotlom flange, if the girder Ikj of uniform depth, or the depth of 
the girder, it the flange lmof umfoim width, must vary in this proportion to attain imilorin strength. 
If tho girder therefore be divided into segments and along its whole length, the breadth at any 
one point should be to that at any other point as the product of the four different segments, taken two 
b) two. In Fig. 633 is represented a plan of u girder designed to carry a uniformly distributed 



load, tho span being 50 ft. and tit© load 1 ton a running foot. At every 5 ft. at the points 
1, 2, 3, 4, and 5, the strains may be calculated from the rules given, and will be found to be 22 5, 
40, 52*5, 60, and 62*5 tone respectively. Upon any given scale, plot off these strains, or any sub- 
divisions of them, upon lines drawn perpendicular to the axis A B of the girder, through the 
|H>ints 1, 2, 3, &c. Join all the points P, thus determined, with a French curve, until the whole 
figure AC B O' A is produced. If this figure is accurately drawn, it will be found to consist of 
two parabolas, demonstrating that the strain upon auy point of the flanges of the girder, produced 
by a uniformly distributed load, varies as the ordinates of a parabola. This is the true form of a 
bow and string girder, although in actual practice, an aro of a circle is always substituted for the 
more complicated parabolic outline. When tho headway is very limited, cast-iron Jroughs are 
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not unfreqneatly used Figs. 634, 635, show those used on the St John's Wood Railway, where * 
thickness of 9 in only was available from the nnder side of girder to the surface of the road. At a 
span of 16 ft. the deflection of the 3 ft wide troughs was barely f ro , under a load of 10 tons at the 
centre, 

634 



635 


Breaking Weight and Wotkinj load of Ctituon intdets — The Comniuwioneis appointed to 
in<{une into the use of CAst and wrought iron for railway purpows, commit rid out sixth ol tho 
breaking weight acarotly a sufhcitnt lumt of safety for (oat-iron girders when liable to percussion 
an 1 dt flection from moving loads Tins uihremt was no doubt influtnotdhy their oxnt rum nts 
on bint whu h wt re muc h light* r m prop »rtum hi tin ir loa<ls than ar< ordinary bridge girdt rs As 
a g< m ral ruU , one-sixth of the bn aking strain m i> bo tak< n as tho safe working strain, tor t ast iron 
girdt rs whu h art habit to vibration but whin tin load is stationary and tru from all vibration, 
oik fourth of the Imaging strain is suto When, however, cast irm girlirs are liabh to sudden 
sc \ t it shocks, as m crone posts or mac him ry, thur working strain should not etc tod om eighth of 
th< ir breaking strain 

lht 1 nglish Ikxird of Trade lius laid d»wn tlu following rule for tin guidance of engineers 
in the construction of railway bridges — In a c ist non bridge tin bn aking w< ight of the girdi rs 
should be not hss than tlm< times the perimmnt loal due to tin weight of tlu bu|h rstnu turo, 
added to six times the gnutigt moving 1 >ad that can he brought upon it Notwithstanding 
tins rui engineers will do wt 11 not to design east ir m girders for riulwav bridges of less strength 
than six time s the total maximum load that is six tunes tlu pe riiium nt 1 >a 1 adde d to six time s tho 
gre ate st moving load I he re a It r who dcsite h d< tail d inf urination r* spe < ting the prictue ol our 

most e mine nt e ngine e rs dm mg tlu re l^n of east iron is re bird to the evidence attached to I ho 

4 lb port of the U immssiom rs apjsunted to lmpiut mto the application ol iron to railway 
structures, m 1819 It see ms ee rtain that the trnnsve rse sticnglh of thu k, ret t angular oast iron 
bars is less titan that of tluu ones, but it dots not nice ms inly I tlow that tlu stieugth of lingo 
flung 1 gird rs is ehmimshed ly the massive mss of the easting e>i that they urc relatively weaker 
than smalh r girde rs of similar see tion tor tlie quality ot the iron will no el mbt mate nally inline nui 
thur stre ngtli I xpermn nts on a lmge scale < an onl> elocide these epic stuns whu li, liowe vor have 
h ss Unix rtance now than m 1819 os it is vt ly unlike ly that large cast ir m gir lors will Is < mploye el 
in inijeortunt weuks when wrought iron is available tat iron < m Is reaelily obtained to stand 
from 7} to 9 terns a square in li in tensnn coriM piently tlu mle of one sixth allows an roe h 
strum of fnuu 1J to 1J ton, for the usuil sufo tensile working strain in tho lower flanges of cast 
iron giritrs, but this material is epule uufitteel lor tie bars Cast iron will safely 1 m ar b or 
7 t ns a sepia ro inch m comprt wm n, provided it is in a f no to resist flexure but tho « fleets 
ot flexure will seriously diminish the safe unit strain f r pillars or unbrace <1 east iron arc bos, in 
which the line ot pressure may vary s> as to alter the calculated unit strain very mate nally 
In practice the safe working strain of cast iron are law rarely exceeds I tons a squares inch 

1 >r instant* tho caleulatexl working strain in tho Severn Valley bndgo is betwesn 2\ and 

A V ns a square null while that of tho centre arch ot Southwark Bridge is ulsmt 2 tons a 
square inch I be Y mich mimstc n d limit of working strain for east iron ro tension is one kilo 
gramme a square millimetre = 0 t>tt ton a square inch, and in compre ssion five kilogrummes 
a s |uan millimetre = i 17 r > tons a square inch 1 he ducct tensile strength of cast iron 
earn bo readily tested, but it is also usual to prove its transverse strength by breaking small 

rectangular bars made of the same metal, anel at the same time as the piuuipul castings The 

f li vwmg teats arc an example, and were applied iu the case of the cast-iron sic epe rs provided for 
the Ore at Indian Peninsular Kail way — 

The mixture of me tal to be such as would produe e the strongc st and toughc st castings, and 
to be approved b\ the consulting uiginoe r I he contractor to ca*>t twice each day, from the stum 
nu tal as that used m the sleep* rs, two duplicate bars 1 ft 6 in x 2 m x I in , and two duplicate 
castings of the form shown on the contract d rowing, and e xactly 1 in sepiare for a 1* ngth of 1 \ m 
in tho middle One of tlie bars to be tested on id„t on bearings 3 ft a|sirt, by placing weights cm 
the c* ntre thereof to ascertain its < lasticity and breaking weight, and one of the two costings to 1m 
tested m a suitable machine, of approved coustructi in, to ascertain the tc nsih stre tigth of the iron 

Ihe company s inspector to reju t all sleepers cast on any day whe n eae h of tho bars ties s not 
bear 30cwt placed on the centre without breaking, or when each bar dors not di fleet 0 29 of an 
me h before fracture, and when each casting does not boar a temaoual strain of 1 ] ^ tons per square 
inch of section Three sleepers also to lie tested each day by a weight of 3| cwt falling through 

5 ft b in , the same having previous y been subjected to blows from the weight falling through 

2 ft , 2 ft 6 in , 3 ft , 3 ft b m , 4 ft , 4 ft 6 m, and 5 ft successively, after the sand foundation, not 
to be more tfean 24 in. thick under the centre of the sleeper, and laid on a cast-iron bed- 
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plate 8 to. thick, and weighing 2 tons, has been well consolidated to the satisfaction of the con* 
suiting engineer or his inspector; and whenever every sleeper so tested does not bear these blows, 
withont cracking or showing other signs of failure, the day's make to be rejected. Immediately 
after every sleeper is cast, it must be protected in such a manner as to satisfy the company's 
engineer, and the process of cooling to proceed so slowly that its strength will not m any degree be 
diminished by too rapid or unequal cooling. 

Rome engineers consider this proof rather high, and specify that test bars 2x1 in., placed 
edgeways on bearings 3 ft. apart, shall support a weight on the centre of 25 cwt. It appears that 
sleep* rs can be obtained that will withstand blows better, without using so high a bar test It is 
a singular fact, that there is an excess of about 16 per cent, in the woight that a test bar 
2 in. x 1 in. will support, when cast on edge and proved as cast, over that which it will support 
with the under side as cast placed at the top when proved, and 8 per cent, over the weight which 
the same test bar will support, if cast on its side or end and proved on edge. The practieal 
deduction from this fact is, that cast-iron girders should bo cast with the tension flange downwards 
in the sand. 

Wrought-iron Bridges.— Wo shall exclude from our category of wrought-iron bridges the 
tubular and tho box types. The former is quite obsolete, and in fact presents but three examples. 
Tlieso are tho Britannia Bridge over the Mcuai Straits, the Victoria Bridge over tho St I.awrcnco 
at Montreal, and a similar structure of the same name over a river in Australia. The box girder 
is also out of date tar large structures, end is used chiefly for supporting the walls of lurgo ware* 
houses and stores. 

Wrought-tron Arches . — Tho theoretical rules laid down for the strains upon cast-iron arches 
apply to those of wrought iron or of any metal. We may therefore pass on to tho practical 
examples of this description of bridge. Many engineers prefer the wrought-iron to the cast- 
iron arch, in instances in which tho moving load greatly excotds the dead weight of tho structure, 
and is also of a very concusnivo character. . 

Fk tona Bridge, Battersea . — This bridge, although in ono sense a widening of an existing struc- 
ture, in reality constitutes a separate bridge, as the supports for the load aie constructed upon distinct 
principles, ami it rests on a different kind of foundation. The ironwork of the new bridge is uncon- 
nected with tho old; but the masonry in the piers and abutments is bonded together, and tbo 
fncowork of tho old piers having been taken down is rc-eroctod on the piers of the new bridge. 
The s{mns aro identical with those in the old bridge, namely, four arches of 175 ft. over the water- 
way, besides ono span of 7U ft. and one of 65 ft. on eitlu r hank of the river. One arch is shown in 
Fig. 686. Tho riso of the arches is tho same as in tho other bridge, but in the new Btructuro tho 
horizontal girdet, running the whole length from end to end, is dtejur, and none of tho nuts 
in tho farowork are countersunk. The two bridges togetln r may, however, be consult red as one 
railway bridge, the widest in tho world, jiossesBing as it does a total width of 132 ft. from parapet 
to pnrtt{H‘t, and accommodating sown lines of railway, still leaving a width of 33 ft C in. available 
for platforms. 



Although resembling each other in appearance, there is a radical difference in the principles 
upon which tho old ami now bridges havo boon constructed. In one an expansion joint exists in 
tho horizontal girders over each of tho piers ; in the other this girder is continuous throughout. In 
the flrst case tho rib is simply a wrought-iron arch ; in the latter it is to somo extent tho lower member 
of a oontmuous girder. In tho old bridge tho width of tho piers at the foundations is considerably 
extended, probably to meet tho effect of tho unequal thrust on tho arched ribs caused by passing 
loads. In tho now bridge tho weight acts uioio vertically on the piers, which nr© founded upon 
coat-iron cylinders. Tins© cylinders, of which tin re ure toui to each pier, aio 21 ft. in diameter, 
1 J in. thick, filled with concrete up to the level of tho river IkhI, and above that with brickwork in 
cement to a little below low-watir maik. At this level the masonry of tho cylinders is con- 
nected by orching, and is faced with Roche Portland stone, similar to that in the oid bridge. Tho 
cylinders were Bunk with great facility. 

Tho ribs R, Fig. 637, rest on cast-iron skcwbacks, Figs. 638 to CIO, which pass entirely 
through the piers ; standards resting on the skcwbacks support the horizontal girder at top, as 
shown in Fig. 689, to which they are socuroly bolted. The whole bridge from end to end being 
one connected mass of ironwork, thoroughly braoed horizontally and vertically, and the whole being 
riveted together at an average modium temperature, it is estimated that the extreme effect of 
eltaugu iu the temperature would bo, to put au initial strain of 4 tons a square inch, either of 
compression or tension, on the iron. This liability to unusually great strains from changes of 
temneraturo, together with the uncertainty generally ns to the strains occurring on the ironwork, 
lender the widened portion of the Victoria Bridge a type of construction essentially unscientific, 
nml therefore to bo avoidod rather than imitatod. Tho two land spans are formed of continuous 
girders, tho shorter ends of each being anchored down, by a vertical plate passing down to the 
springing of the adjaoeut rib. The cross girders ore the Butterlcy Company's 12-in y relied beams, 


BRIDGE. Ml 

•bool 6 ft. apart, »ud the fengitadinal beuen supporting tbo mil are 0-m beams of the same 
ma nu fact ure. 

In the construction of tbit bridge there here been need 8200 cubic yards of concrete, 13,800 
etibio yards of brickwork, 90 000 cubic feet of masonry, 7C0 tons of cast non, 3000 tons of wrought 
iron, 284,000 cubic feet of timber in the temporary staging, aud 40,000 cubic feet of timber in the 
plat fo rms. The bridge was tested by the Government Inspector, with eight of the heaviest of the 



I cmdon Chatham and Dover Company’s tngim s 1 lie greatest dt flection note d on tl * load* d rib 
was l of an nub tliire w is ut tin same time a n* of i of au inch on the corrcsfiomliug rib in each 
ot the a<ljacent stums Iht dt flu. turn of tl e girdtr over tlio bmd span was 8 of an im I mult rtbo 
aaim test At tin time the oldi r 1 ridge was built the use of cast iion ty limit rs m putting m sub- 
iKpuous foundations was not so will underst***!, at least on tin 7 halms, as it is now and it will 
lx Min that the projecting lot of tin foundations of the piers of the old 1 ridge was proto ted by 
kIici t j ding, whn li it was not consult red ad usable ton move IJns involved sonn diflit ulty, find 
it was fiuallv decided to put in tin foundations forth* mw t ridge us porfutly distinct structures, to 
I* Bulisequ* litlv Is n h d to the old work Circular caissons of the dim* unions givm alum, wtro 
tin rt Art pit in, and sunk us * low m possible to tbo slit < t piling Ibi mode of sinking tin so 
cylinders presses some novelty instead of heaping k* nil* Jgo on top, as is usually done, plat- 
forms wire constructed aud slung within the < yliiult rs, and tins* wtri loath d as win not* usury 
Afar tht mw pur had betn tnrritd up to a suflicuut ling! t, it was count <tul with tho old 
1»> masonry | roucted by c »st iron aprous, in tbo place of un old and new pit r, tho aprons hi lug so 
cut and painted as to rout mble ashlar work Much ingomuty has been uisplaytd m working out 
tin dc tails of this dt sign 

J l td fruit * bttdji — I his is one of the largtsl example s of tin application of wrought iron 
arclu s to public rood bridges Its spans art mut h largt r than those of W< stiumstcr Dridgt , 
which is m fact a combtnution of cast aud wrought iron, since tin central )>ortiou of ta<h rib is 
tjuitt flat, and cont|)OHed of a wrought irtu girdtr, while tht hamulus and sprmgiugs art of tost 
i run Hurt art five arclu s iu fthukfriurs Bridge, the longitudinal section of Lull the central arch 
haying a span of 185 ft , as m Fig Oil 

^ The spans of the opening* are, m tht silo or abutment arches, 155 ft , in the two nixt, 
175 ft, anti m the centre oue 185 ft The versed aims or rises of tht art lit s from spring- 
ing* to soffits arc m the side arches 11 ft 7* iu in the two inttrmtdiato arc his, 1 J ft 10k m, 
and in tht centre arch 15 ft 114 in r Iht soffit of tht last is 25 ft above Trinity high-watt r mark, 
and the others in proportion. There are nin< main nl« in each arch, placed at a distance of 
9 it iu. from centre to centre and tied togctlier with str* ng diagonal bracing, rivt tod to tht m 
longitudinally and transversely as shown m Fig 042 Across the arches, from nb to rib aro 
placed the roadway btarers, or small girders, and on the top of these, over tho wholt art a of tho 
bridge, buckled plates are riveted, so as to fonn a decking, or flooring, for the midways and 
pathways to rest upon The dim* muons of the pbitts vary considerably, and are as follows,— 
4 it 5 m by d it b id by ^ in , 4 ft 0 m by J ft 6 in by j iu , 4 ft 9 in by d ft b in by Am , 
5ft (5 in by 3 % by ^ in, and 5 ft 0 in by 4 ft 9 in by ^ in Ihc thinner {dates are places! 

H 
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under the pathways, and the thicker ones under the roadway, Figs. 642 and 648. Fig. 644 is a 
cross section of the face girder, showing the manner in which the parapet and circular mouldings 
are fixed. In the majority of instances arched ribs, whether of wrought or cast iron, are made of 
uniform depth and uniform section. Theoretically, the arched rib should be strongest at the 
springing, not, as is too frequently assumed, on account of the increased thrust at that point, baton 

641 . 
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account of tho incrcasod bending momont due to changes of temperature, rolling load, and other- 
wise. In some instances, such as the St. Louis bridge, to be hereafter referred to, the arched rib 
ih reinforced in section for a short distance from the springing. In others the rib is pivoted at the 
springing, whereby of course the bending stresses arc eliminated, and the section required at the 
springing is smaller than at any other part of the rib. 

Plate Girders , — The ainglo-wob plate girder, previously to the introduction and Adoption of tho 
open-web or lattice typo, was u favourite form of construction, and is still much used. When, how- 
ever, tho span exceeds 70 ft., the open web will in general bo found the more economical of 
tho two. The strains upon the flanges of plate girders can be calculated by the rules already 
given for those iu cast iron, 

titmins upon the >VV6 of Plate Girders, — The strains upon the web of a plate* girder are trans- 
ferred in a diagonal direction, but for the purposes of calculation, they are assumed to consist 
simply of a vertical shearing strain, tending to shear tho web right through. Two general 
eases will present themselves with respect to tho straius upon the web; one in which they 
result from a uniformly distributed or dead load, and the other from a variable, or rolling 
weight, frequently called, in contradistinction to the other, a live loud. The shearing strain at 
any point of a uniformly loaded girder, is equal to the total weight situated between that point 
and the centre of the girder. In Fig. 645, which represents the skeleton elevation of a wrought- 
iron plate girder, the strain upon the web at any part £ F, will therefore be equal to the total 
weight distributed over the distance Y, extending from that point to A B, the centre of tho 
girder. Consequently, if the load a foot run, uniformly distributed over tbe girder, be 1 ton, 
and Y be ccjual to 10 ft., the shearing strain at E F will be equal to 10 tons. As the weights with 
their resulting strains, are transmitted ultimately to the abutments through the means of the web, 
the shearing strains at those points will be greater than an v where else, and will equal, as has 
been previously mentioned, half tho total weight distributed over the girder. In all straight 
girders, similar to that represented in Fig, 645, where the upper and lower flanges are horizontal 
and parallel, the strains in the web are proportional to the distance Y, but if either of tbe flanges 
should he curved, as in a bowstring girder, they no longer obey this law, the curving of either 
the upper or the lower flange very considerably modifying the amount and position of the strains, 
since a portion or the whole of the shearing strains may then be sustained by the t flanges. 
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The investigation of the next ease is apparently more complicated Instead of the load being 
uniformly distributed over the girder, let it be represented by an ordinary railway tram, widen 
will successively cover the venous portions of the bridge in its passage across. Neglecting (lie 
weight of tbe girder itself, it is evident that, if the rolling load has advanced from the abut- 
ment D to the point £ F, in Fig 615, so as to cover tbe whole of the larger segment of the girder, 
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into which tlic line K F divides it, tin re will be no weight upon that 
portion of th< girder situated In tween 1 F and Hit abutment V Con- 
sequent!) there will be no weight to 1 h subtracted from that at V F m 
tin calculation, and the shearing strain at the point will equal Uiat 
tmusuutUd to tin abutment C At the centre, with a distributed load, 
the shtarmg strain is n ’thing hut with a rolling load, its valuo is 
always on<*< ighth of that l*ul r iho maximum shtanng sins* at any 
point will la obtained when tl c rolling 1 >ad (overs half the bridge and 
i \t< n is Ik >ond tin ce litre t > the give n )* int 

1 hte (url ts — A pnwtie »1 cxatnph ot tins disruption of girdir will 
be found umUr Budge in tins Dictionary 

Of n 11 ( (i rdus — I he simplest ft rm cf the ope n-we b girder is 
that known as the Warren represented m I lg bib in whn h the web 
consists if <n< strns of triangles I ho ongimtl Warren girder was 
a lomlnmtim of castirm Htruts and wrought iron ties, hut owing to 
several failures, engineers ahandomd the use of east non, and employed 
the latte r mate rial only in its (onstrin tion 


nt shall uot enter into tin illative merits of nins and rivets in 
connecting the flanges and webs of ope n-wtl girdi rs It will suflico to observe that in the (. minim 
Aiaduet which is a w< 11 known exumjde of a Warren girder, the pins failed, owing to 1 bur had 
prop >rt inns, and ha*e been taken out, and rivets and guns t paces used to make good the junctions 
of the w<b and flanges In Americun bridges, pm fastenings ure almost exclusively used, and no 
such failures art e ncounte reel 


let I lg G4G represent a gireW, uniform!} loaded throughout its length, or, what amounts 
to tbo same, suppose the wughts collided at tin several apices of the triangles Be locting 
any ber i, tin total strain upon it will Ik equel to the shearing strain at the ajax B, 
multiplied by the cosecant of the angU of the inclination of tin bar to the horizon 1 ho shearing 
strain will Is equal, os air* tidy stated, to the sum of the weights situated between the apex and 
the c litre of the girde r If each of the we ights A 11, C, bo equal to 1 ton, the n the total strum upon 
the bur x equals 15x14 = 2 10 teens, assuming tin angle of inclination e>f the bar to be 45° 
l et us now proceed to obtain this result by considering the action of each individual weight 
Ooinmene mg with the weight of 1 ton at E, upon the principle of the le ver, five-sixths of it are 
transft rnd to the abutment K, and one sixth to II 1 he ve rtical eoinponeut of the strain brought 
upon the. bar x, by the weight placed at E, is a compression of one sixth of a ton Himilarly, the 
vertical component of strain uj>on x, due to the weight I), will be two-sixths of a ton, that of the 
weight C threat sixths of a ton, and that of B four sixths of a ton All thewe strains am com- 
pressive, and summing up we find the total to bo equal to + f -f £ + *) ~ 14 ton But 

the bar x is also subject hi a ttnsile strain from the. e fleet of the we ight A, which is equal vc rtieally 
to one -sixth of a ton, so that the total strum upon the l»ar x is exjual 1| — £ = 1J ton as lieforn, 
Multiphing tins by 1 4, we obtain the result to be as be fore 2 10 tons 

The tensile strain, brought by the weight at A ujsm x, is neutralised by tbe compressive 
stntu resulting from the action of that at E, and the compressive strain coining from the 
weight at D u of exact Ij the same amount as that portion of the weight at B, which does 
not pas* down x towards H The reason why the last bars, or those nearest the abutments, 
are always strained to a maximum is thus apparent 6 moo tbe weights at K and II, which 
are respectively equal to half those at the apices of the triangles, cause no strain upon the 
bars y, v'» but are supported altogether by tbe vertical reaction of the abutment, there is no 
neutralizing strain upon them The bar y is strained in tension by all tbe weights A, B, 0, D, 
IS, and there is no compressive strain at H to be subtracted from their united action In the 
proaent instance the bars f, f are also strained to a maximum in compression, being evidently 
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affected by the same weights to the same extent as y and y\ but the strain is of a compressive 
instead of a tensile character. The bars y and t and y' and tf are said to be pairs, that is, they are 
acted upon by strains of the same amount, but of an opposite nature. From the rules previously 
laid down, the strain upon t and t* is a compression of half the load upon the apices of the triangle, 
multiplied by 1*4, and that upon y and y ' a tension of the same amount. Both these grains 
consequently = (2*5 x 1*4) = 3*5 tons. The vertical pressure upon each of the uprights H 
and K will be equal to half the total load upon the girder, equal to 3 tons. ..." 

Having now made clear the manner in which the bars are affected by the several weights, 
the strains upon the flanges have next to be considered. The strain upon the whole of the upper 
flange is compressive, and is induced by the bars tending to compress or double it up towards the 
centre. That upon tne lower flange is tensile in character, ana its tendency is to stretch the 
flange from the centre. The strain upon A B is the sum of the horizontal components of the 
stresses upon the diagonals HA and A A. That upon BC is equal to AB plus the horizontal 
components of the stresses upon the diagonals A B and B B, and similarly for any number of 
triangulations. It will be soon hereafter, that the strains upon the upper and lower flanges are 
not perfectly, although very nearly, equal, and moreover, the actual amount of each will depend m 
a great measure on the position of the load, whether it be placed at the top or the bottom of the 
girder. The strains upon the various bars are also affected by the position of the load. Let 
Fig. 647 represent one-half of Fig. 646, and let the weights bo situated as represented in the latter 
flgure, the same letters being used for both. Siuce 
it is necessary to consider the action of the weights 
upon only those bare Hint are placed between 
the load and the nearest abutment, there is there- 
fore no strain whatever uj>on the bar 0 0, when 
the wt ights are si touted at the lower apices of 
the trimiglcs When they were placed upon the 
top, the bai C 0 was subjected to a compressive 
strain of 0*7 ton, but in the present instance it 
is free from strain. The roason of this is at once 

apparent, if we imagine the other weight to be placed at C, upon the other side of the centre 
lino 0 F, in Fig. 647, as already explained. With a weight ot 1 ton at 0, the ttnsile strain 
upon the l>ar 0 B will bo 1*4 ton, und a similar compressive strain will be exerted on B 13 
and A A, also a tensile one of the same amount upon B A and A H. These strains are those 
produced on the bars by the action of the weight at C, which is thus accounted for. The weight 

t dared at B will exert com sending strains of the same amount upon the bars that are situated 
>otweou it and the abutment, that is upon B A, A A, and A H. The bur A H will Anally receive 
a third strain duo to the action of the weight at A. It is hist to bo obseived thut the arrangement 
amongst the bars is changed by altering the jiosition of the load. Those which wore pairs in tho 
fotmor instance tire no longer so now. There iB also a gi cater total load upon the girder by the 
arrangement adopted in Fig. 647. 

If we take the half-girder in Fig. 646, the whole loud upon it is 2$ tons, since half a ton is 
supputed directly by the vertical reaction of the abutment at II, whereas in Fig. 647 tho whole 
3 tons arc supported at the lower poiuts of tho tiianglos, consequently the strain upon the end bar 
y will ho greater than in tho other case. In Fig. 646 it was shown to bo equal to 2*5 x 1*4 = 
3*5 tons. By the same rule it will now be equal to 3 x 1*2 s 4*2 tons. Tho difference is 
evidently the diagonal coiu|K>nont of the vertical load of half a ton, which is not carried by tho 
mippirt, and which is equal to0*5xl*4=0 7 ton. 

ii infers mth One Series of Triangles . — The Warren girder was the original type of tho open- 
wol) girders, but tho name, although still retained, is not strictly applicable to girders with only 
a single system of triangulation. In fact, many of the distinguishing features of this description of 
girder have disappeared. The angle of the bars which divided the whole web into a series of 
equilateral triangles, is no longer univorsully adhered to. Bivcts are frequently used instead 
of pins to form the connections, and the employment of east iron has been abandoned. 

Tho oxamnle shown in elevation in Fig. 648 is that of a road bridge erected over the Gang!#. 
Exclusive of too side spans, which consist of plate girders, tho throe central spans are carried by 
wrought-iron Warrou girders, huving a clear bearing between tho centres of the end pinB of 60 ft., 
tho moat economical span under the circumstances. The bridge is supported on Bcrew piles. 
An elevation of ouo giruor is shown in Fig. 649. The depth of tho girder from centre of pins in 
the upper and lower flanges respectively is 6 ft. 11 in. The upper or compression flange is of the 
trough shapes composed of horizontal plates and angle iionB of the several lengths Fig. 650, 
while the lower oonsists of vortical bars or links 6J in. iu depth, but varying in number and thick- 
ness according to their position in the flange, being a maximum in both at the centre, and a minimum 
at the ends over tho bearings. The girdei * are not continuous over the piers, but are carried upon 
rollers over the standards, upon these rollers the upper flange rests, so that the girder is really 
suspended from the top flange, the vertical tio-bars at the ends of the girdeis constituting the 
suspending rods, Fig. 649. This method of support is very similar to that employed in the 
Crumlin Viaduct, The diagonal struts are made up of T irons and plain bars, wmle the ties 
consist of the latter only. All the T irons in the struts have a uniform section of 44 in. x 3 in.. 
X | in., and all the bars are 6 in. x 4 in , with the exception of the end ones, in which the thickness 
is increased to { in. It is to be notiood that the diagonal bare in the web of the four central bays 
are eounterbraoed, Hurt is, the ties as woll as the stouts are composed of both T irons and bars. 
Tim diagonal ties in the remainder of the web are made up of plain ban all 64 in. wide, bat 
varying In thickness from A in. to in. The struts and ties at their intersection with the flanges 
are connected together by bins turned all over, with slotted collar holes. The pips vary in diameter 
from 21 in. to 2} in., and m length from 1 ft. 1$ in. to 1 ft 7| in., and pan completely through 
each flange. A Portion of the longitudinal girder which carries the roadway and of the uprights 
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l*he manner In which the wrought-iron plate cross-girders, the longitudinal, or aide girders, and 
the corrugated iron plates are secured together, is shown in detail m Fig. 651. This type of floor 
plates is unusual and not to be recommended for general adoption. 

The ends of the cross girders rest upon a couple of brackets 6 J in. x £ m., which are in form 
angle irons, with one long and ono short side The shorter sides have holes drilled m them to take 
turned bolts, while tbo longer have similar holes of larger diameter, through which the pms pass 
to connect the diagonal bars in the web with the flanges. There is some riveting in the top 
flange, although plus are used for the attachment of the diagonal bars, and nvetmg is also required 
in tne cross girders and general erection An elevation of the end of the upper flange is shown 
in Fig 652, and a section of the same m Fig 653. The section is rather peculiar, inasmuch as 
the horizontal plates are not carried continuously through the entire breadth of the flange, but 

653 053 
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consist of two half-plates, as they might lx> called, and are riveted to the angle irons Figs 654 
and 655 represent an elevation und plan of the joints in the upper flange The angle irons are of 
a heavy section, 7 in x 8 m x 4 in The great disproportionate length of one side is due to the 
necessity for providing sufficient t>ennng an a for tho pms, which, owing to their greater diameter 
as oomparod with rivets, occasion a heavy loss of material The pms are placed at the centre of 
the angle irons instead of ut the oentro ot gravity of the cross section of tho top flange, a mistake 
very commonly mode, though it entails an increased strain of from 20 to 50 ptr cent, according to 
tbo amount of the error Figs 650 to 650 are of the details of the rollers, which are placed over 
the supports at one end of each girder, tho other end of the girder being fixed. 



\ i 


Lattur Qtrdcrs —The lattice girder, instead of consisting of a single system of triangles, embraces 
in tho web several senes of triangles, and from its greater lateral rigidity is better suited than tho 
Warren for large snaus Tho introduction of the lattice girder marked an important epoch m 
bridge building, and tho open web typo has since maintained its ground with all engineers who 
understand the truo economy of such stmetures lhflcrent forms may be guen to tho flanges, 
but tho peoulmr character of tue wob constitutes tho chief value 


660 



In Fig. 660 i* represented the skeleton elevation of a lattice girder, with three aeries of 
triangles, A, B, and 0, which practically are totally independent of one another The load is 
supposed to be uniformly distributed over the top of the whole girder, and oo^sequently equal 
portwns^of it are situated on the several apices of each system of tnangulatkm. 
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Ut ns take > the owe of the weight placed upon the apex A'. It is, upon the principle of the 
lew, convoyed to each of the abutment* 1), by means of the bars A 1 A, AA, A 1), A 1 A 1 , A 1 A*, 
A* A*, A* A*, A* D, and is considered to produce no practical effect upon the bam of the other 
systems, B and C, at the points of their intersections with its own system A. 

It is assumed that whether pins or rivets bo employed for connecting the diagonal bam of the 
different systems, they do not act as a medium for tho transference of strain, but simply bind the 
bam together, at hold them in a vertical plane. Theoretically there is no doubt hut that some 
slight strain is induced, hut as we are doaling with the subject principally in a practical light, we 
shall not now discuss the question. There are two methods of arriving at tho strains upon the web 
of a lattice girder, an approximate ami an exact one. Tho former consists in supposing tho total 
load distributed upon tho apices of one system only, determining tho strains, as in a Warren 
•girder, and dividing them by the number of series or systems of triangles. Where tho girder is 
small, and tho systems of triangles do not exceed two, and tho ban* arc pretty close togother, this 
approximate method may suffice, but it should never bo used upon a large scale, or where 
it ls desirable to obtain a very accurate result, Referring to Fig. COO, and supposing the bar* 
AA, A A 1 to be pairs, tho strain upon either, divided into throo parts would not afford an 
accurate result for each of the corresponding bars of tho othor systems. To ascertain the strains 
not only upou the bars of the web of a lattice girder, but also upon the different parts of tho ilangtw, 
there is but one true method, and that has been explained in the analysis of the Warren girder. In 
Fig. 660 the load should bo considered as uniformly distributed, and the strains resulting from 
eaeh separate weight obtained and tabulated as described. In applying tho mathematical 
formula already given to tho determination of the strain upon any bar of a lattice girder, care 
must be taken to include only so much of the load situated between the bar and the centre of tlm 
girder, os is placed upon tho apices of that particular system of triangles to which the h.ir belongs. 

So far, there appears to be no difference in tho general disj>osition and nature of tho strains 
induced upon both the Warren and the lattice girder. Hut if we cxauiiue the strains brought upon 
the vortical ends of the girders, or pillars, os they arc usually termed, a notable difference will Ih> 
perceived. Uonfining our attention to tho one system of triangles in the elevation in Fig 
which commences at A over one abutment, and terminates at A" over the other, wo may consider it 
to represent a Warren girder. Under these circumstances it has been already demonstrated that 
the only strain brought uj»on tho end pillars AD, A J I), is a vertical one, which is equal, for each 
pillar, to half the total load uix>n tho girder. This is worth reinaiking, as it |K»iuts out that any 
vertical load will be ultimately transform! to the points of reaction, without altering its original 
value at those points, notwithstanding tho manner in which it may be transferred, and the number 
of strains to which it mav give riso in the various bars, considered to act as tho medium of its 
transference. Again, referring to Fig. OtiO, ami regarding it as the elevation of a lattice girder 
witli throo systems of triangles, it will be seen that two l«irs, B E, (’ K, are connected to tho pillar 
AD, and two others, C J E, B*E, to tho pillar A* I). Consequently, tho strains u|tf>n these bars 
must be resisted by the pillar, and it remains to ascertain of what nature are the strains which tho 
pillar undergoes. It will bo sufficient to take the case of one pillar, A 1). Of the two bars, one, 
BE, is a strut, and the other, C K, a tie; consequently their strums may be resolved into their 
comixmenta, one in a vertical, and the other in a horizontal direction. 

This is shown in the diagram in Fig. 001, in which A I) is the vertical pillar, ami 11 K, (- K the 
strut and tie. Let tho compressive strain ujxm 11 E bo equal to 1 ton ; and since this tends to 
pusli the pillar A I) outwards, produce tho bur II K beyond the 
pillar, ana lay off upon it the distance K F, representing 1 ton ; 
draw Fll to meet the pillar at II; then F II equals tho horizontal 
component of the compressive strain ujw>n the bar, and tends to 
push the pillar outwards. Now, suppose the bar 0 K to be under 
a tensile strain of l ton, it will evidently null the pillar inwards, 
with the same amount of force with which it E pushes it outwards. 

Making E F represent 1 ton, and drawing F 11 to meet tho pillar, it 
is plain that the horizontal components, being espial and in oppogito 
directions, balance one another, and there is in that case no trans- 
verse strain upon the pillar. But if the str.iin upon one bar exceed 
that u|K>u the other, then tho transverse strain is equal in amount 
to the difference of their horizontal components. These horizontal 
components, which in tho case of the intermediate bars B E, <J K, 
must be resisted by the pillar AD, are analogous to those which 
are at the top and bottom of the pillar, aud cause compressive and 
tensile strains respectively upon the upper and lower flanges. 

The object of deporting frop the simple Wurren girder, and introducing secondary systems of 
triangles, is threefold. First, in the lattice type, the points of attachment between the upper and 
lower flanges are multiplied, and a more uniform distribution of stress is ensured; secondly, the 
flanges are not subject to any transverse strains from the cross girders or otherwise; and 
thirdly, the struts in the web itself arc by mutual support made a great deal stiffer, and bettor 
adapted for the case of deep girders. It is evident that if the apices are too for apart, that is, if there 
are not a sufficient number of scries of triangles, the assumption that a uniformly distributed load may 
be considered collected upon tlie apices, will not hold good, and the assumption becomes still farther 
from the truth, in the case of a moving or variable load. Each portion of the flange lietween the 
apices or points of attachment of the web, becomes in r< ality a short girder, and the entire flange 
approaches the conditions of a continuous girder. At the same time, since the real economy of the 
lattice form is to be found in its web, the bars must not be placed too mar each other. In other 
words, there must not be too groat a number of separate tri angulations 

The simplest practical method of calculating the strains upon a girder, due to a passing load 
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of uniform weight, s to calculate the strains upon the assumption that tho total load upon the 
bridge, including its own weight, is uniformly distributed over the span. One advantage of th-s 
method is, that wo at once obtain the maximum strains upon tbe different parts of the upper and 
lower flange*, since they take place when the passing load covers the whole span, that is, in reality, 
when it is uniformly distributed. The strains having been calculated upon this assumption, the 
design of tho girder can be proceeded with ; and the effect of the moving load upon the various 
bars, obtained by a graphical diagram, can be allowed for, by increasing their dimensions, if neces- 
sary, or by counterbracfng. By counterbracing any portion of a structure, is meant, bracing it in 
such a manner as will enable if to resist a strain of compression as well as one of tension. 

It is sometimes assumed that there is no strain upon the central bars of tho web, simply because 
that is the condition obtaining under a uniform load ; but Table III., which Fig. 662 illustrates, 
demonstrates the fallacy of all such loose conclusions. 0 
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Position or 
Load 

AII | 



Bars 





11 B | 

UK 

1 KC | 

CL 

| I.D 

DM | 

ME 

II 

- 5*41 I 

- 0*36 

4- 0*36 

- 0*36 

4- 0*36 

- 0 *36 

-f 

0*36 | 

- 0*36 

K 

- 4*68 

4 4*68 

- 4*08 

- 1*07 ; 

4- 1*07 

1 - 1-07 

+ 

1*07 

- 1*07 

L 

- 3*1)6 

4 3-06 

- 3*06 

+ 3-96 

- 3*96 

- 1*80 

4- 

1*80 1 

- 1*80 

M 

- 3*24 

4 3*24 

- 3*24 

4- 3*24 1 

- 3 24 

4- 3*24 


8*24 

- 2*52 

M, 

- 2*52 

+ 2*1)2 

- 2*52 

4- 2*52 

- 2*52 

4- 2*52 

— 

2*52 

+ 2*52 

I'. 

- 1*80 

4* 1*80 1 

- 1*80 

4- 1*80 

- 1*80 

4- 1*80 

— 

1*80 

4- 1*80 

K, 

- 1*07 

+ 1*07 | 

- 1*07 

4- 1-07 , 

- 1*07 

4- 1*07 

— 

1*07 

4 - 1*07 

u , 

- 0*30 

4 0*30 1 

- 0*36 

4 - 0*36 

- 0*36 

4 - 0*36 

— 

0*36 

4 - 0*36 

Total 

— 23*04 

1 4 - 17*27 1 

I t 

- 17*27 

, 4 * 11*02 

1 1 

- 11*52 

j 4 5*76 

- 

5*76 

- 0*00 


Position of 
Ixuui. 



Bars 



KM, 

M, I) | PL, 

L,C 

CK, | K,B 

BII, 

II, II 

H 

4 0*86 

- 086 I + 0 30 

- 0*36 

4 0*36 - 0 36 

+ OHO 

- 0*36 

K 

4* 1*07 

- 1*07 4 1 07 

- 1*07 

4 1 07 - 1 07 

4 1 07 

- 1*07 

h 

+ I 'H0 

— l'KO + 1-80 

- 1 80 

4 1 80 - 1*80 

4 1*80 

- 1*80 

M 

4 2*52 

- 2*52 I 4 2*52 

- 2*52 

4 2 52 - 2*52 

4 2 52 

- 2*52 

M, 

- 2*52 

- 3*21 , 4 3*24 

- 3*24 

4 3*24 - 8 24 

4 3*24 

- 3*24 

I*. 

- 1*80 | 

4 1*80 1 — 1*80 

- 3*96 

4 3*96 - 8*96 

4 3*96 

- 3*96 

K. 

- 1*07 

4 1*07 , - 1*07 

4 1*07 

- 1*07 - 4*68 1 

4 4*68 ! 

- 4*68 

U. 

- 0*86 1 

4 0*36 - 0*86 

4 0*36 

- 0*36 4 0*36 

- 0*36 

- 5*41 

Total 

- 0*00 

| - 5*76 | 4 5*76 

-11*52 

411*52 -17*27 , 

1 1 

1 417*27 

i 

| -23*04 


Tho present example only includes the case when the load is situated upon the bottom 
flange ; but, from wliut has In on stated, there will not l>e the slightest difficulty m applying the 
same punciplc to tho other instance, where the load is placed on tho top. Theie is this differ- 
once to be remarked in the two exatnplos When the load is at the top, tho strains upon 
both diagonals nearest to the load will be compressive, and tensile when it is upon the lower 
member. To render tho explanation complote, it is necessary to eonstruct another table, showing 
the maximum strains of both kinds that the bars are subjected to. This is readily accomplished 
by adding together all the struius that have the same sign, and tabulating them under their 
respective hors. A reference to Table IV. will indicate at a glance the relative maximum strains 
that the bars in Fig. 662 are subjected to, by the action of a passing load of 0*5 ton a foot run. 

If the load be supposed to advance from the opposite end of the girder, of course the bars will 
change places so far as the strains are concerned. 

Table IV • shows that the maximum strain upon any bar takes place when the load covers the 
longer sogment Tho maximum compressive strain upon any bar that is a tie, takes place when 
the load covers the shorter segment, and the maximum tensile strain upon any strut under the 
same conditions. From this rule must be excepted the two central bars, which will be affected, 
accordingly as tho load is on the upper or lower flange, in a different manner. Ttfo strains upon 
a lattice girder, with two or more systems of triangulation, resulting from a moving load, can bo 
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admitted Hy the rnlee elreedy riven, hewing in mind, that it is only the diagonals ofthatmrthmlar 
system npon the apioee of which the load rests, that ore affected by the load. The other 
bare suffer no strain until some of the apices belonging to their own syrtem are loaded. In the 
present instance the moving had has been ^nsiderea to be of greater amount than it really is, and 
the conclusion to be drewn from the investigation manifestly is, that in all bridges of small spin, if 
the strains be calculated upon the assumption that the total load, live and dead, is uniformly 
distributed over the whole span* there is not much difference occasioned in the strains with the 
exception of the middle bare. But in practice these burs are generally of tho samo scantling as 
those in their immediate vicinity, and are therefore strong enough. The principle to be kept iu 
view is, that if the permanent or dead load bear a very large proportion to the moving or live load, 
the effeot of the latter m augmoutmg tho maximum strains upon tho bare will bo very trilling 
If, on the contrary, it be small, then the moviug load will considerably modify the existing strains 
It is a simple question of the preponderance of ouo load over the other. In practically designing 
the girder, care must be taken not to out down the material too fine, especially whon providing for 
tho action of a moving load. This is tho more nocessury, as tho strains thut aio calculate*!, are 
supposed to be simply those resulting from a load, successively superimposed upon different jiarts 
of the girder. No allowance is mado in tho theon tieal calculation for the violent shock, concus- 
sion, and consequent vibration that attend tho passage of a heavy train over a bridge. This must 
be allowed for by experience, by tho introduction of such additional brucing as the skill of tho 
engineer suggests. It is for this reason that tho calculation of strains and tho determination of 
the sectional area required, should proceed with the design and the actual drawing of the girder. 
It is not sufficient to design a structure that Bhall merely resist the forces to which it is subjected. 
It should resist them in tho best and most economical manner, which can only bo ensured by a 
practical knowledge of ironwork. It would he to little purest* to give the web of a plate girder 
the number of square inches required to resist the shearing hltaiu, unless it were stiffened in a 
maimer that would allow of its being able to receive the stiam properly. Theoretically shaking, 
the web might bo strong enough, but piuctically it might be so weak that it would buckle up under 
a fourth of the calculated strain. 

Table IV. 
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Maximum 
Gomprcaafve Strain 
in Tons. 

Maximum 
Tensile Strain 

In Toua. 

Bui a. 

1 

Maximum 
Ooiujirehulve Strain 
| in fun*. 

Maximum 
Tctudle Si rain 
in 'run*. 

AH .. .. 

0*0) 

23-0t 

EM, .. 

. 1 fr 75 

5*75 

HB .. .. 

17C3 

0 * 36 

M, D .. 

3*23 

8*99 

1? K .. .. 

0*30 

17*03 

1>L, .. 

. | 8*99 

3*23 

KO .. .. 

12 33 

1*43 

L, C .. 

1*43 

12*95 

CL .. .. 

1-43 

12*95 

OK, .. 

12*95 

1 * 13 

Ij D .. .. 

8*99 

3*23 

Kj 13 .. 

0*3(5 

17*03 

DM .. .. 

3*23 

8 * 99 

i 1311, .. 

. 1 17*03 

0*30 

ME .. .. 

5*75 

5*75 

Ail, .. 

. ! 0*00 

23*01 


In railway bridges the bending moment is always somewhat greater than that duo to tho dead 
weight of the train, because irregularity of road, wind pressure, and other disturbing causes tend to 
increase the stresses. Aguin, it is now universally adruitti d that u lower working strain should bo 
token in structures subject to frequent bendings, and in which the live load is ennsidei able as com- 
pared with the dead. The following table, due to 13. Baker, exhibits the rolling load and working 
tensile strain which it would be advisable to adopt for ilrst class railway bridges iu England ; — 


Table V. — Rolling Loads and Stbains on Railway Bridges, Bakeh. 


Span. 

i 

£ 

i 

a Foot Bun, Single IJne. 

Int-reane, Effect. 

Tensile Strain a Square Inch. 

Standard. j Decrcaw* 1 Working. 

| Normal. 


cwt. , 

per cent. 

cwt 

ton* 

1 per a nt 

ton* 

10 

00 

20 

72 

5 

20 

4 

20 

48 

10 

53 


18 

4*1 

30 

42 

7 

45 

;♦ j 

10 

4*2 

00 

80 

3 

32 

»» 

13 

4*3 

100 

27-5 

Nil 

27-5 

n | 

10 

4 5 

150 

25 


25 

ti < 

5 

4*75 

200 

22*5 

tf 

22-5 

** 1 

Nil 

5 

275 

20 


20 

” 1 

Nil 

5 


Where long struts ore used, the unit strain should vary according to the length. American 
engineers have given great attention to this question, and have made many experiments. The 
following are the results obtained, in due very important series of experiments on the strength of 
mrought-iron columns of varying sections, and formed part of the specification for the bridges on 
the Cincinnati Southern railways ; — 

Table Vl^eontains the avenge or mean results of experiments unde on wrought-iron columns 
and struts of various kinds, prepared by four bridge companies. 






From this table the value of tho constant / can l>e calculated for each column, by Gordon's 
formula, and also by tho formula given by Bank mo, in which tho radius of gyration of the section 

( i p 

Is used in place of tho smallest diameter, for by substituting m for the fraction or for 

there results f = W J **, tlio dimensions to satisfy whicli nro all given in tho tablo. 

1 + r* 8 


Gordon’s formula 


r / 

8 nP 


Itnnkinc's formula 


1 +7t s 
d'P 


l+i J 

P lieing tho ultimate load producing tho crushing or bending of column. 

8, sectional area of column in Bouaro inches, 

/ constant, Bupjxtscd to bo equal to tho ultimate resistance a sq. in of a short column, whose 
length is equal to its diameter. 

^ t /^ or columns with flat bearings = T( ,V* 

(For oolumns with flat bearing at one cud and rounded at the other = fo » oir 

# cona taiit/^ or roto 111111 * with boarings = ^ 

c \For columns with flat bearing at ono ond and rounded at the other = s**o6 

/, length of column in inches. 

A, diameter of column in the direction of its great deflt ction. 

r, radius of gyration of cross section of column in tho direction of its greatest deflection. 

In order to test thoroughly tho mathematical correctness of the formula, experiments should 
have been made with the same pressure on columns of different lengths and shapes of cross section, 
made of the some iron, of uniform quality, and all fittings made and measurements taken with 
great procision. All these oonditions could not bo realised. But for tho objects in view, which 
were.to ascertain whether tho formula oould be applied in practice, with very approximately correct 
results, and if so, to determine tho correct value of the constant /, scientific nicety was not 
necessary ; it was preferable, on the contrary, that the conditions of the experiments should be the 
same as those actually met with in posts and struts, os they stand in iron structures. 

The following general conclusions can be drawn from the examination and comparison of all the 
tests made on oolumns ; — 

For oolumns of the same shape, of different lengths, made of the same kind of iron, the values 
of / calculated from tho formulas, do not differ more than can reasonably be accounted for by the 
ordinary want of uniformity in the quality of the iron, the differences not l>eitig greater than those 
botweon the ultimate tensile strengths, obtained with specimens of iron of the same manufacture. 

Far columns of different shapes of cross section, ana made of different kindB of iron, the values 
off calculated do not vary more than does the strength of iron of different manufacturers. Columns, 
however, should bo tested in a vertical, and not in a horizontal position as these were. But if 
tested horisontally, each column should bo oouuterweightod with a weight equal to half its own 
weight, attached by a ohaiu to the centre, and passing over a pulley. 

Gordon’s and Bankine’s formula most both be considered as practically correct, for oolumns with 
flat bearings at the ends, of different lengths and shapes of cross section, provided the ultimate 
strength of one oolnmn made of the iron to be used be determined, so that the value of the constant 
<*** bo applied in the formula may be calculated. This constant being very approximately proper- 
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ttond, hot not equal to the ultimate strength of the iron, and not the same in the two formula, being 
smaller for BanMne’s than for Gordon's. ® 

For oolnmnB hinged on pins at the ends, Gordon's and Rankine's formula for columns rounded 
at one end and fixed at the other, will give approximately conect results, provided / be determined 
as noted above. 

For swelled columns, the formula) are also applicable, provided tbo diameter at tho end bo used. 

It is of great importance for all built columns, and especially for open columns, that the several 
parts should be well riveted at the ends, and that true and even bearings at the ends bo obtained. 

Some of the tests confirmed the fnot already pointed out by some experimenters, but not uni- 
versally admitted, that wrought iron, when submitted to a pressure beyond that corresponding to 
its limit of elasticity, and allowed to rest, will afterwards pussies a higher limit of elasticity. 

Diagram of Forces . — The strains upon an open-web girder may bo obtained from a* diagram 
of forces, Figs. 671 to 674, in which each line givos tho total strain upon any particular 
member of the girder; the strains are first deduced by tbo successive resolution of the weights 
at each joint and subsequent summation, as shown in Fig. 671. A comparison of the 
strains by scale will point out that tho totals agrt*) with complete accuracy. Fig. 671 repre- 
sents an open-web girder, with the strains calculated upon the one half, on tho supposition 
that the weights art* situated on the top flange, and on tho other half that they are plueed 
upon the bottom flango. The girder is 60 ft. in clear span, with a depth of one-sixth oi tho spun. 


671 . 



The total half-load = R = R, =. 22*5 tons, which gives 9 tons at each apex. The dotted lines 
iu Fig. 671 represent the strains, and the diagram of forces for tho strains with the loud on 
the top flange is given m Fig. 672, and for those on the bottom in Fig. 673. Hupixming tho 
moving load to have advanc^l from A to E, tho strains will bo found given m the diagram of 
forces in Fig. 671. It will be observed that there is some difference in the amounts of the strains 
induced on the different members of the girder, accordingly as the loud is situated on tho lop or 
bottom flange. When the load is situated on the upper flange, the total strain upon the centre of 
the lower flange is greater than when the load is on the lower flange itself. The strains, in tact, 
upon all parts of the lower flange are greater when the load is placed at the top, while under both 
cases of loading, the strains upon the different parts of the upper flange remain the same. Bo tar 
therefore as the weight of metal in the flanges w concerned, it would lie more economical to load a 
girder upon the lower than upon tho upper flange, and in practice this is generally found. 
Inspection of Fig. 671 will show that with the load on the upper flange, the strains upon the 
diago na l bars in the web are also greater than when it is placed on the lower flange. The strain 
upon the centre diagonals is 6*37 tons instead of zero, and upon the end bars 31-87 instead of 
25*20 tons. The value of the reaction at the abutment will be the samo in either cose, that is, 
R as B,. Tho diagrams of forces in Figs. 672 to 674 are reciprocal diagrams. In other wonts, 
all the bars enclosing & space in Fig. 671 will meet in a point in the diagrams. In comparing 
these two methods of calculating the strains, this peculiarity will be found very miefub 
will enable tho lines representing the different parts of the girder to be readily osjvr 
example, take the triangle B CD in Fig. 671 formed by the bars B C, C l>, and B I>. 
npon these are represented in the reciprocal diagram Fig. 672 by the , 

and B D, which all meet in*he point M. The lines m the diagrams are lettered only j^ tho rimins 
upon half the girder, although the diagrams are drawn for the whole girder, the unlettered unea, 
which are exactly equal inlength to the lettered lines, representing the strains npon the other 
bait • 
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Lattice Girder **— The practical example, of which the particulars are given in Figs. 675 to 685, 
Is a design for a large public road bridge in India, and is shown in general elevation in 
Fig. 675. Tlie bridge consists of five spans of 60 ft each between the centres of the nearest 
columns. The columns and smew piles which 
cany the bridge are of cast iron, and are in Mf 

pairs, with a distance of d ft. 6 in. between oen- f ' 

ires. The girders are not continuous over the [M, 

piers formed by the double columns, and are of JB ; 

wrought iron, having a depth of 5 ft 6 in. from §*/ 

out to out of flanges. The web has two series of (Tr 

triangles, or one intersection of the diagonal bars Kg U 

at exactly the half depth between the flanges. Hj7 7 , 

Each girder bears at the extremity upon the M / 

column nearest to it, and throws no weignt upon M jnj whtjj j ********** 

the other, which is supposed to carry its own M 1 I li l MTV / / 

load, in supporting the adjoining girder. A oast- H 1 1 I IfVr uL 

iron bed-plate, under the bearings of the girder, O Ifl 1 ,| V/ 

connects the heads of the twin column, so that in pg i I * I 1 1 1 V / 

the event of any slight settlement taking place £J | |! I I »|/# % ^ j; 

in one of tbo columns and not in the other, the I3jL_. |ffll ||[||| ll |f p / vv// 

unyielding one would be able to assist that adia- 

oeut to it, supposing the cast-iron bed-plate did Mff. Mpffltt r j ^ i \Jj ^ 

not give way, under the cross strain caused by the O m i! 1/ 

difference in level of the ends of the two girders. Kj] | lij V' 

Fig. 676 is an elevation of ouo girder. The £3 li I b/ ^ ^ 

upper flange is composed of two angle irons Kj I II I* ft' 

C in. X 8$ in. x } in., and one horizontal plate, £3 I Pit j r 1 1 1 * > 

continuous throughout the girder, 18 in. x 7 in. 3 ||n|' 1 j|||| >/ / ^ \ 

at the centre for a distance of 10 ft 6 in., 18 in. x 1*8 Mil I 1 1 1 vSt * ■ 

5 in. for a distance of 10 ft 10 m. t and 18 in. x Ej |J ||» 

I in. for the remainder of the flange. The lower £3 || 11 « 7 ' n 

flange is similarly built up, with the exception KjL |B|| I . ty.y/ 

that the horizontal plates are of different lengths, {j|gj *tr tfHr r^v 1 : r 

and vary In thickness fVom } in. to J in. The BPtt ^ n 

rivets aro \ in. in diameter, and have a pitch of M fl I ' mil y * * ^ ^ 

4i in. from centres. The diagonal bare in the M ' |l|,| w sC&L 

web arc inclined at an angle of about 60°. The Kl 'I 1 | U, f) y ^ 

struts aro of T i*™ 1 * ftI1 d ^ double, varying in £3 . 1 1| | .Hrp , v 

dimensions from 8 in. x 2 ft. 2 in. x ft in. to 5 m R| • I III , j I F/* • 

X 8 in. X { in. Thu tics are of bar Bcction, and g El 3 't 1 , |'| 4 h y^s 

aro also in pairs. Their scantlings vaiy from 4 in. M 1 1 / / 5 'n 

X | in. to 5 in. x $ in. At the centre the diagonal bd | I i ff 

ties are of T iron, the web being thus oountor- M | 1/ ' y ns 

braced at that point. The covers are all 2 ft long £3 1 I fi // f / , N. ^ 

X J in. thick. Figs, 077, 678, ore an end elevation . Jf sJ jr!t mfe" ^ K * 

of one of the mam girders over the pier, together >. * y^^ 

with a section of some of the cross-giidore. A Mf * K ul/A^ V 

Bectional plan in Fig. 679 is taken through Fig. £3 II M p' yyC* 

677, and shows the arrangement of the cross M ill! y^^‘ 

girders, tho longitudinal | iron or runners, M ] N > 

and tho diogomd hoiizontal bracing. Tho cross M 1 i yj , 

girders ore spaced every 8 ft. 7* m. from centre £| j I | jUjH y n: 

to centre, except no&r the piers, whero tho M yli n { s. > 

distance iB increased to 4 ft. 7$ in. Over the M 1 1 I /( 

piers the distance is reduced to 4 ft. 6 in., which K| | p / y*^ 

is ociual to the distanoe betwoen tho oontres of Ilfj / y / v y 

the twin oolumna A solid wrought-iron plate |(i^ 

18 in. x J in, in thickuess is ri voted to tho back JJr 3 fife 

of the ends of the girders, which are thus closed ‘ Hf v ~ \ * C > 

in at the extremities. Fig. 680 is a transverse M |j | 

section of this bridge. The breadth of the flange K| ill' fry /y^s 

is 18 in., the depth of the main girders 5 ft. 3 in., H Ml / C > 

mid the inside width of bridge in the clear 18 ft. Kg ' 

Tho cross girders are of the trussed form, and M | 

are constructed of flanges of X iron 5 in. x 4 £3 <P ! 1 7 fe---- 

in. x i in., and lattice bars. The struts and ties . M BjJ | » ' 

in the main girders are braced together iu the £3 fill r ' **■ " 1 

cross section bv diagonal bars 21 x } in^ 2 in. x M | U ff 

i in. For so snort a strut, with the exception of a 

liorisontal pieoe at the centre of the section, this f 


bracing is superfluous. Between the cross girders, 
T irons, at intervals of 8 ft., are fixed, to which 
the buckled roadway plates are riveted. Upon 
them is plaoed the asphalte, and a gutter 15 in. 
wide is provided at each side of the roadway. It 
is to bo observed that the T bun of the lower 
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flange of the cross girders is forged all round the ends, and an end plate f in. thick forms the 
termination of the girders. The cross girders arc all riveted, to the bottom flange of the main 
girders, and are suspended from them by the rivets, a modo of fastening which is not so good 
as if they rested directly upon tho lower flanges m the openings, or diamonds lx tween the lattice 
bars, 

«7T 



In Figs. 681 and 682 are the columns and crow bracing The horizontal bracing consists of a 
transverse plate girder at the top of tho columns, underneath the be armgs of the mam girders, and 
a pair of | irons 4 m x Sin x £ m lower down, win ro tho flange joints of the columns occur. 
Between these vertical points diagonal bracing, composed of double T irons fi m x S in x | m , 
is fixed to the columns by wrought iron rings or collars, and wrought-iron bolls 1$ m in rluumtcr, 
A similar description of bracing is fixed m the same manner to the double columns m the piano 
of the mam girders as in Fig 081 The nogs or collars, winch are all | in in thickness, arc shown 
m Figs 683, 684 Double Allots are cast ujxm the columns between which the rings are placed 
and bolted to the bracing Lugs are frequently cast on the columns for attaching the cross bracing 
instead of nngs It is objected that the rings nro very often broken, but if the) arc made sufll- 
cu utly strong, th« objection has no real force They are much cheaper than the collars Fig 685 
represents an elevation of a portion of one of the screw piles The pitch of the screw is 8 m , and 
it makes one complete tom and a half round the body of the pile, which has uniform thickness of 
luoUl 1| lit 
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Bomttrbg Girder*^ Strain !.— The calculation of the strains upon the various parts of girders 
which have one or both of their flanges curved, is much more complicated than that belonging to 
the dess of structures we have been considering, in which both flanges are horizontal. This 
is chiefly owing to the continuous variation of the angle of inclination of the curved flange, 
as well as of the diagonal bars in the web. In addition, by reason of its form, the girder 



touches ujton principles which do not prevail in the horizontal type of construction It was 
found that tho rulo m straight girders indicated a varying strain throughout the flanges, diminish- 
ing from a maximum ut the centre to zero at the cuds The revi rse took place m tho web, except 
under spinal conditions of loading. With a uniformly distubuted load, the diagonal bars 
underwent a minimum strain at the centre, equal 
to z< ro, and a maximum at the ends, the amount 
of the latter lx lug invariably equal to half tho 
total load upon tho girder, multiplied by tho 
cosecant of the angle of the inclination of the bur 
to the hoiizon. These conditions do not prevail 
in tho cIusm of gliders wo are about to inves- 
tigate, but are uhuost comphtily reversed In 
the flange s tho strains become nearly uniformly 
equal, throughout the whole length of the glider, 
and the maximum strains of comprt ssion and U nsion occur in the diagonal bars, situated uot near 
the ends, hut at the con tie of the spun. In Fig 080 is repiesented a bowstnng girder, with a 
single s) stem of triangular biacmg The span is 40 ft , tho depth at tho centre 5 It , and the rate 
of loading 1 ton a foot run upon tho bottom flange. It is riquued to find the strains upon tho 
flanges and web, limit r all conditions of loading. In this ca^o it is hotter to ascertain the strums 
for ouch wtight m succession, as the addition and subtraction of those of different sign, will 
determine the Mtiams for a uniform load When it is onh in'cessary to ascertain the strains for a 
uniform loading, tht ro is a readier and simple r means of determination, but in tin* case of a large 
girder it would he nocossaiy to follow the course we are about to adopt. The load at each apex, 




reforring to the diagram, will consequently be equal to 5 tons, and, upon the principle of the lever, 
this will be transferred to each abutment, in portions in the inverse ratio of their corresponding 

5x7 

distances. Let us oommenoe with the 5 tons at the apex F. Of this weight, — — = t $*375 tons 

O 

will be transferred to the abutment A.', and the rest, or 0*625 ton, conveyed to A. It is with this 
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latter weight we are at prevent concerned, as it represents the vertical reaction at A. It is finally 
conveyed to the abutment by the portion of the upper flange represented by A B, and on arriving 
at A» is resisted by the whole of the lower flange in general, and by the last bar of it, AF, 
in particular. The first step is to produce all the separate bars A B, B C, C D, D R, K E' of 
the upper flange to any convenient length, as shown in Fig 686. Although, practically, the 
curve of the upper flange is an arc of a circle, yet for all the purposes of calculating the strains it 
is regarded as a polygon, the sides of which are obtained by joining, by straight lines or chorda, 
the respective apices of the triangles The scale upon which Fig 686 is drawn is almost too 
small to indicate the differ*, nett, but the left-hand hair of the upper flange is shown as a polygon, 
while the right half is an arc of a circle. Where an approximate method, by the usual formula for 
horizontal girders, is employed for determining the strains upon tho bow and the string, the upper 
curve is considered to be a parabola# The weight of 0 625 ton being the vertical reaction at A, 
make A a equal to it upon any convenient scale, and draw <ib to moot A B produced, ah and A 6 
will equal the stratus upou AF aud All, due to the portion of the weight at F\ which is 
conveyed to A Tho strains upon B i\ BE, and F H are now required Upon A U produced lay 
off Be = A 6, draw t c ' parallel to B F to meet B C produced , B / is tho strain upon B t\ and < </ 
that upon the bar BF, the former bung compressive and tho latter tensile If < t' bo now laid off 
upon the bar BF, and cd drawn parallel to tho lower flange, then / d will equal tho strain upon 
F II, and F d that upon the bar F V The total strain upon F II will t quid n b + < d Tho strains 
upon V l> and l H may be obtained from those already found for BC and F 0, and there are two 
methods of determination They mav bo deduct d by taking the strains upon BCandFO 
separately, and resolving these m the directions of ED and V II, or by first finding tho rosultaut 
of tho former strains, and th< n completing tho parallelogram of force » To find tho strains upou 
CD and V H, plot oft upon B V produced, tho length ( < ' = B / and from o* dmw e'f pamllol to 
Ft and equal F d A lino drawn from t to /' would represent tho resultant of the strains in BO 
and FC From the point /'draw /</' parallel to C II, and C */' re presents the strum upon CD, 
and /</' that of te union ujxm ( II Making II t = f q* draw f q parallel to tin lower flange, and 
J tj gives tho stiam ujion II K, and II q that upon the bar 11 l> Tho total strain upon 11 K equals, 
eon-Kqurutly, a h 4* < d 4- f q Tho dob rmtnation of tho strains upon tho te nwimitg bars, duo to 
the reaction of a weight of 0 625 ton at A. is men ly a re petition of the method already described, 
and is showu m the figure by tin dotbxl lines Tho &< turn of the weight at F' is now accounted 
for, and we may proceed to oonsidir that of tho next ft tous placed at 11' The portion of this 
weight that is transferred fo tho abutment A is expial to 1 25 tons, or < xactly double that resulting 
from tho action of tho weight at F' r l ho effect of its reaction at A will tin roforo bo just double 
that of the former weight, and it onlv remains to double tho strains already arrivid at Similarly, 
for tho wughts situated at tho apices K'and L, all that is nuissary is to multiply the strains 
already found for the weight at F* by three and four, and wo have those for those two other 
weights No sooner do we como to tlie weights situated at the spues upon tho other snlo of tho 
a ntre of the girder, than this rulo no longer holds for all the parts of the flanges and web To 
< onsuh r tire flange* first, and tho w< ight at K This we ight, since its re action at the abutment is 
five turns that of tho weight at F, will affect the upper flange from A to E, and tho lower 
from A to K to five turns the extent of that we ight, and tho strums can ho inserted iu tho table 
upon thoae parts of the flanges situatryl within these limits Tire strums upon K K' mav, howovor, 
bt readily arrived at b> inspection, as it is e vide fit that tho we ight at K afloe ts these parts of tho 
girder to precisedy the same exte nt ns those at K , the eorr. H{eoue]mg apex upon tho opposite half of 
the girele r 1 ire strains ujsm the e< ntral jxirtion E E of tho uppe r flange may be at once written 
down, sinet the remaining strains from tho weights 11 und F equal those already found for H' anel 
F All the strains upon the central part EE of the upi* r flange having been calculated, 
it remains to determine these* upon the remaining jmrtH of l*>th upper and lower (lunges, and ujxin 
the diagonals in the we h The < fleet of the we ight at II hits now to lx cousielored Tho strains 
upon AB, B(\ and ( I) are obtained, as already explained, by simply multiplying by six tho 
strains ujKin tho* members due to tire reaction of tire wught at F , and the re fore there remains 
to Ik. dete mined tire strum tqjoii L> E, due to tire we ight ut 11 This strain is twice that eltio to the 
weight at K Draw h A' from E lay off E i = 0 ton - tho reaction at A' of tho weight at 
V Draw a i 1 horizontal, and a t* paralhl to I)K then re* b* is tho strain ujxm I) E from tho 
wught nt F, and twice this equals the strum required It only remains now to account for tho 
strains upon A B, BC, CD, from the weight at F, to complete all tire* strains U|>on tho upper 
flange The strains upon A B, BO are respective ly equal to seven tunes those found for tho 
weight ut F' , to obtaiu tire strum at 0 D, we proce exl as for D E Draw L> A , plot Dp as be foro 
0 <»25 ton, make pp* horizontal, and dmw p H parallel to CD, then jr/H oejuuls strain u|x»n 
C D, thus comjdtting the strums ui>on the. upper fl&ngo The strums upon tho tew or flange aro 
those upon K L, due to the weights at K, II, and F , tiiose upon II K and F H, due to tho weights 
at K and H , and that upon F U due to the we ight at F If wo find tho strain upon K.L duo to 
the weight at F, tba strains duo to the we ights af II and K will be respw tivclv twico and three 
tunes the amount. This it rain upon KL, due to the. load at F, is equal to the line an* in tho 
diagram, and therefore the other strains are known Similarly, tire line pp 1 is equal to the strain 
upon H K from the load at F, and twice tins is the strain upon the same part from tire* weight at 
II. Lastly, the strain upon F H, due to the weight at F, may be dc termined bv drawing the 
resultant C A' and proceeding as before This last resolution of forces is not govern in the diagram, 
but it is precisely similar to that fxvfnrmed at the apices D aud E The remaining strains upon 
the bars present no difficulty To determine the strains upon the other bars it is only neoessary to 
find that due to the weight at F, of which the others are muljiptes. 

To ascertain the strains upon the various bars under the condition of a uniform load, it Is only 
necessary to subtract the separate plus and minus strain s, and the total will give the desired 
information • 

Instead of ascertaining the strains by prolonging the parts of the upper flange, another method 
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K^dor, aTfrom this action all tlie other etraing can be detemiued. By Una method the etrajng 

® .* ... ■ -0 11 XI .u. « nil aUmLai) n a tliA ■fwim mv 




Fig. G8G. Msiko A a as that portion of tlio weight conveyed to tho abutment at A'. Draw a b 
horizontal and be parallel to A C, then a b equals the strain upon E B , be that upon the top flango 
A 0, and A e that upon the bar A B. Tho next point iB to determine tho strain due to the sumo 
weight upon the upper flango 0 F, the lower B D, and the bars C B and C D. Make Ca = A a, and 
proceed as liefon*, first drawing C N to represent the line of transmitted pressure. Then ad equals 
tho strain upon B D, rf </ that upon 0 F* Ccf that upon 0 B, and C b that upon C D. But to obtftin 
tho strain t d‘ upon the bar CB, diaw the lino d <? parallel to A 0. This line also represents the 
strain upon A C, and consequently dd' = be. Thus, knowing the vertical compomnt of the strain 
at any ajtex, we can detcimmo the strum upon the two bars meeting at that point, and that ujion 
the two separate parts of tho upper flanges, huh ting the bars at the same apex Another advantage 
of this method is that it gives the strain upon the different parts of the lower flange at once, 
without tho necessity of adding increments. 


Table VII.— Stbainb on Flange of Bowstring Girder. 


Weight at 




Parts of tho Flange. 




Ail 

BC. 

1 CD. 

PE. 

K K'. 

AF. 

FH 

II K. 

i KL 

F' .. .. 

4 1-88 

4- 1*51 

4- 1*70 

+ 1-95 

4 2*<5 

- 1*22 

- 1*48 

- 1*83 

an 

H' .. .. 

4 2*76 

4 3*02 

+ 3*40 

4 31M) 

+ 4-#0 

- 2*44 

- 2-96 

- 3*66 

ISSQl 

K' .. .. 

4 414 

4- 4*58 

4 5*10 

4 5*85 | 

| 4- 7*35 

- 8*66 

- 4*44 

- 5*49 

H rffia 

L .. .. 

4- 5*52 

4- 6*04 

4 6*«0 

| 4 7*80 

4 9*80 

- 4*88 

- 5*92 

- 7 32 

- 9 40 

K .. .. 

4 6*1)0 

4- 7*55 

4 8*5o ; 

4 9*7.5 

4 7*3,5 

- 6*10 

- 7*40 

- 9 15 

- 8*45 

11 .. .. 

4 8*28 

4- 9*06 

410*20! 

i 4 6*80 

4 4*90 

- 7*32 

- 8*88 

- 7*80 

- 5*60 

F .. .. 

+ 0*66 

410*57 

| 4 5*10 

4 3*40 

4 2*45 

- 8*54 | 

- 6*45 

- 3*90 

( - 2 80 

Total ., 

4-38*64 

4-42*28 

440*80 

+39-45 

439*20 

-34*16 1 

| -37*53 

-39*15 

-40 35 


Table VIII. — Strains on Bars of the Web of Bowstring Girder. 


Weight at 



Bare of the Web. 



BF. 

FC 

Oil. 

II P. 

PK 

KK 

LL 

F' .. .. 

-0-20 

40 11 

-0*29 

40*27 

,-0*42 

40*40 

-0*74 

ir .. 


+0-22 

-0*58 

40*51 

-0-84 

+0-80 

-1*48 

K' .. .. 

-0*60 


-0-S7 

40*81 

41*26 

41*12 

-2*22 

h 



-1*16 

4 1 *0*< 

*- 1 *68 

41*60 

-2 84 

K M ,, 



-1*45 

41*35 

-2*10 

-3*30 

42*22 

11 *• • • . • 

-1*20 


-1*74 

— 4*2 

42 4 1 

-2*20 

41*40 

F | 

-1*40 

-5*70 

42*4 

-2*1 

41'2 ! 

-1-10 

40*74 

Total .. 

-5*60 

-3*39 

-3*69 | 

— 2*25 

-£*70 

, -2-68 

1 

i -2*84 


Tho maximum tension and compression upon any bar may be obtained at once by the diagram. 
Thus, to find the maximum compression upon the bar E L, Fig. 636, make E a equal the sum of 
those portions of the weights situated at the apiocs between K L and the abutment A', that are 
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transferred to A\ and proc ee d u described. The maximum compression can also be obtained by 
estimation, for the sum of the weights acting upon the bar £ L will equal 1 + 2 + 3, multiplied by 
the transferred portions of the weight at F. 

Referring to Table \ HL of strains on bon of the web, the eompressire strain upon E L due to the 
weight at F is 0 74 The maximum compressive strain is therefore 1+2 + 3 = 11 + 0 74 - 4 44 
tons, which sliould tally with the result of oomputiug the strain by ulgcbraio addition of all the 
separate strains upon the same bar 

This investigation demonstrates that the result of curving tho top flange of a girder, is to 
relieve the web of a portion of the shoonng strum, which, m a horizontal girder, it alone resists 
Consequently, if the curvature be increased until it assumes a parabolic lortn, the top flango takes 
the whole shearing strain if uniformly distributed, and there is none whatever on tho w* b 

howstruM OtfxUrr. PractuM h xamj u —1 he t vs in pie. Fig 088, is a iKiwstruig ginh r i nn ted over 
the Grand Surrey Canal, on tho East London Railway, by Hawkshaw Tho span In tho clour of 
the mam girders is 80 ft , and the depth of the girder in the centre one-touth of tho span It will 
bo noticed that there are two systems ol triangulation m tho wtb of these girth rs Tho analysts 
of the strums upon this description of girdor was made on the assumption that thiro was only one 
senes ol tnanglos The same method may bo adopted m tins cast, and tie strums may be calcu- 
lated for each senes of tnanglos, or ono system only may bo subjet tetl to analysis, ami the results 
divided by two for tho actual strain upon any particular bar In tho lattei ooao, taro should 
bo taken to seloct that svsttm which will mako the strains a maximum. Thorcaro throe tunm 
girders m tho width of tho bridge, tho a ntro one bomg made proportionallv strong* r than tho 
other two, as it has a greater share of the load to carry With tho t xceptmn of a difference m tho 
scantlings, the form of the three girders is tlu same. An dilation of half tho ouitrat main 
girder is shown in Fig (J8i>. Tho upper and lower flanges arc oomposod of plates, angle irons, and 



dot p vrtieal plabs in tho usual tr »u^li form The vertwAl plate* aro 1 ft 3 in drip, and thus 
afford abundant met spnet for tin th tgonul bars in tho wd> lh<se are spaced at urn qua] dis- 
tant <s, van mg from 3 ft <> in at the cn Is of the ginh rlo C ft at the ft ntro Ry tins nrrangf m< nt 
the angle winch tlu liars makt with the horizontal is mnmtamed constant, whereas, had the 
spaces or diamonds bt*n mado all equal tlu angh of each bar must have lain difltn nt In largo 
girders the angle cannot lie k< |»t constant throughout tho whole web, whether tho spun* lw equal 
or not It will be olwcrved that the scantlings of the diagonal bars inert use towards tho t nds of 
tiu girhr, more than might Ik sapj>oH<*l from tho i xaraple wo have analyzed 'lids ariws 
from the fact that the upper and lower fltngfs in Fig bHilaro not tontinncd until they moot, ami 
therefore the full principle of tho liowstring girdor does not eomr into play 1 ho dimensions of 
the bars, which art all double, vary from 4$ m x f in at tlu c* nlrt to 7 in x 1 m at tho ends 
Roth struts and tu s are plain bars lhi fonmr nro so short Ixtwun tin ir sup]>orted point* as 
not to lx liable to bending action , otherwise, tlu plain bar motion is not the prnpor ono for tho 
struts of an optn-wib girder An end plate is mtted on at the juik turn of the upper and lower 
flanges. A plan of a portion of the upp< r flung* , Fig UWK shows the mnmu r in which the riveting 
is arranged m the breadth of the flango A cross section of on<*half of the bndgt, Fig COO, Indi- 
ra its at once, by the manner m which the iron girders art built up, bow limited wus tho headway. 
The cross girders are of very peculiar sbajx,and tin flanges of tho rails aro brought levtl with tho 
top of the girders by means of 12 tn balk# framed m lietwoen tlu cross gtrdt rs, upon which they 
rest The mam girders have double wtl>», but no cross bracing Diaphragms of wroughtdron 
plates and angle irons are fixed between the bars of the wtb*, both at top and bottom, I ig 600, 
at tho*e points wh< re tb< crow girders are placed, to which they are riveted The crow girders 
are spaced at intervals of 4 ft from centre to centre Thtv aro construe ted of angle irons and 
plates, and with tho exception of their being deeper at the enna than at the centre, ari of the ordi- 
nary small plate-girder description The longitudinal timbers or runners which carry the rails 
are 12 in x 9 4n , and are fixed to the cross girders by angle iron knees. Cast iron plates cover la 
the space between rails. 

• n 
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The Braced Arch.—lt for the solid web of the plate arch, of which practical examples have been 
given, be substituted an open web, we have the braced arch, or more properly the braced rib, the 
distinction between the two being precisely analogous to that between the two descriptions of ordi- 
nary girders. In the braced arch we do not include what is frequently so termed, namely, a 



braced girder having tho lower flange curved and the upper horizontal, but an arch consisting of 
curved upper and lower flanges, connected together by a cross brncing. There are three general 
classes of braced arc lies; —A relies continuous through the crown, and hinged only at the 
springings. Arches hinged lx>th at the crown and nt the springings. Arches which are con- 
tinuous at the crown and fixed at tho springings. The last of these represents most nearly 
the corresponding solid or plate areh, and is the description to which we shall confine our- 
selves. It is tho best adapted for actual construction, although examples of the other classes 
are not wanting. There are, however, very few examples of tho braced areh of any class. 

Strains upon the Braced Areh . — The strains upon the braced arch may be calculated, either by the 
graphical method described for other forms of girders, or by the method of moments or sections. 
Tlie most useful example in practice is the case in which the arch is fixed at both ends, and con- 
tinuous over the crown. The following is the method by which Dubois calculates the strains 
upon an arch of this description. This is by far the most important case of braced arch, as by the 
continuity of tho crown and fixity of ends wo obtain all advantages due to combined strength and 
elasticity. It is also tho most difficult case for solution, as tho formulae obtained by a mathema- 
tical investigation are complex, and give rise to tedious mid laborious computations. A method 
combining simple analytical results with graphical construction, similar to the preceding, will 
obviate these difficulties. In tho present ease, as before, the common intersection of the weight 
and tho reactions lies in a curve, the equation of which may be found, and the curve itself plotted, 
for any given case. But this curve, or locus I L K, Fig. 691, being constructed, in order to find tho 
directions of tho reactions, which now no longer pass through tho ends of the arc A and B, it is 
necessary to find and also construct the curve developed by these reactions for every position of P 
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that is, the curve to which these reactions are tangent If, then, these two curves are constructed, 
we have only to draw through L, Fig. 691, lines tangent to this enveloped curve, and we have at 
once the reactions in proper direction, ami by resolving P along these lines ean easily find their 
intensities, and therefore V and H, as before. Seoond circular arc : In this case we have for 
locus ILK, Fig. 691, and for the small central angles a, the equation 


V 
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(«’ 


- 2 a x - x 5 ) <7*1 

(a + **) h t J * 


o, A, and x being as above, and g* = ~ » the square of radius of gyration, A being the area, and I 

A 4 

the moment of inertia of cross section. 
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IQuatritum of Method of As an illustration, take a portion of a braced arch, Fig 692. 

We hate lint to plot the upper carve or locus of m, for the given dimensions of the centre line of 
the arch. This curve onoe plotted, then, for any position of the weight, wo have only to prolong 
p to m, and draw a line from m to the end of centre lmo, if the arch is fixed at ends, < t being 
easily found from our formula above In similar manner, we draw a line from m to the other end, 
or c r Now these two lines are the resultants of the outor fortes j>, and by sunpl) resolving p in 



these directions wc have nt om< V and H, whih the moimnt at tin tml M, = — II ,, positive if 
it tt nd« to c am# coi»ipresM>n m lower llaiip , or mgatut if it acts In low tht <md,us<, We mu now 
«a*ul> find tht htram m any flangt, an 1) wht tlu r the an h \ur> in depth oi not, providod only it is 
symmetrical with r< spe* t to its m ntro lmo Thus, tor I), take the oppowile apex < oh tlu c< litre of 
luomtnts Iht nu limit of II, with rtftrcnco to i uh shown tn the Fig * *1, tends to cause tension 
in I), while that ot \ chums compression Wt have thin, reprinting tension by the minus 
sign, 

t , v Mona nt of V — rnom< nt of II 

Strain in 1) - , . * 

h w r arm ot 1) 


all with reference to « If the result is wgfttm, it indicates tension, if positm, compression if it 
is7tro, tlu two moments nr« tquul, and no monmit txists at i hence < must bo u |Niint of 
inflocti n II and V must Is take n as acting at $>, Fig (> f U We < an evidently conceive* tlu so us 
acting at the centre of the end c ross section, if wc Ink* into account tht moment Hr, biimlarlv, 
for ( wc take b as centre of moments, and then, since II now t tunes compression in t 1 , und V 
tc union, wc halt for V and II, acting at $ 


Htrain in C 


Moim nt of II — Mome nt ot \ 
lever arm of C 


For V and If considered as ne ting ut end of ce litre line , wee have 


C - 


Moment of II + II c t — Moment of V 
liverartnoiC * 


taking C , without regard to its sign, but simply to the kind of strain it to mis to cause m tlio piece 
in question As when II is !>elow the end <, is mgitive, we should have — He, for moment, 
causing compn ssion m C Thus we mav proceed till wc paws I*, which with its proper sign, as 
producing tension or compression in the piece in question, must also Iks taken into account, or we 
may instead take the moments of V and H at the other end, that is the same side of the weight as 
the pusoe* itself. The diagonals may be similarly found by moments It will, however, be best to 
determine them by diagram, one of the flang***, the first upjx r flange, being calculated in this 
case Thty mav also be calculatod from the resultant shear at any ape x Thus, for diagonal 3 
find the vertical components of the previous)) determined strains m i) and C These vertical 
components, together with the vertical com|«omnt of the strain in 3, must for < equilibrium bo 
eanal and opposite to the total shear at b Calling this shear K, and r, fl, and y , the inclinations 
of D and H, wc have for the strain m 3, 8 s (K - 8„ sm a - 8,, sin $) cos y 

If either of the vertical components of the strains in D or C acts opposite to the shear 7, it 
must, of course, be subtracted . if m the same direction, added to F. The moment H c, is the 
moment at the fixed end, and is constant throughout the arch for any one position of tho loud. 
It causes tension in outer and compression in inner flanges, provided, as in the Fig , <p fall below 
the centre of^he end section. This moment is increased, or diminished if f is above, by the 
varying moment of H for each apex. The above method of determining the strains in the 
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braced arch, though not strictly graphical, but rather a combination of analytical and 
graphical methods, offers such a ready solution of this important and difficult case, that we 
have not thought it out of place to notice it somewhat in detail. We consider it by far the 
simplest and easiest method which has yet appeared. 

Bndac over the Iiivcr Esk, Tasmania .—' This bridge. Figs. 693 to 696, consists of a light wrought- 
iron arch of 190 ft. span, with 20 ft rise from the cnord line to the under side at the centre. It 



springs off cast-iron bed-platos which 
rest upon brick abutments let into the 
solid rook. It is composod of two 
arched ribs, 15 ft. apart from centre 
to centre, each 4 ft. deep and 20 in. 
wide. The tops and bottoms of these 
are constructed of wr ought-iron plates 
and angle irons, connected together by 
radiating pieces of J iron and dia- 
gonal braces of tingle iron. The road- 
way is laid upon a lino of nearly flnt 
girders, resting on the top of tho urcli 
at tho oentie, and extending to the 
abutments at each end, but carried 
between theso points upon vertioul 
wrought-iion columns, which stand on 
tho tops of tho ribs, boing diagon- 
ally braced together with angle irons, 
together producing open spandrils of 
great strength. The ribs, spandrils, 
and railway girders are braced to- 
gether iu evory direction, Figs. 694 to 
696. The bridge is 220 ft. in length 
on the roadway tine. The width ot tho 

S latfoim between the handrails is 1 5ft., 
ividod into a footpath of 3 ft. 6 in. on each Bide, and a roadway in tho centre. The weight of 
wrought iion in the bridge is 105 tons, or under half a ton to the foot ran ; the weight of the cast- 
iron railing and bod-plateB, 15 tons. 

The mode in whioh this bridge was erected was considerably more novel than its construction. 
Many flat girder-bridgeB have been constructed on pontoons, and floated to the piers prepared 
for them ; but there is, perhaps, no previous instance on record of an arch being so dealt with. 
The height of the roadway of tho bridge is nearly 80 ft. above the bottom of the gorge ; the depth 
of water is about 50 ft. at high water spring tides, and the rush of water, when the river 
is suddenly flooded by storms, is almost irresistible in its force. All these considerations united 
to make the construction of a scaffolding across the gorge impracticable, except at an enormous 
cost; and the engineers therefore decided to put the work together on a floating dock, carry 
it to its place, and deposit it on the abutments with the fall of the tide. All pieliminary 
arrangements having been completed, the dock was swung round at high tide and secured between 
the abutments. At nineteen minutes to three o’clock the arch rested on its bed, and at twelve 
minutes past three o’clock the dock, with the scaffolding, floated from beneath, leaving the arch 
fiimly wedged in its permanent position. 

With regard to the iron work, the bows were riveted together in 12-ft. lengths, and all the 
other paits In equally convenient lengths for shipmont, in all comprising upwards of 500 pioces, 
each piece composed on an average of ten pieces, tho whole fastened together by nearly 24,000 
rivets. 

The exporienoe gained in the Coblentz Bridge, whioh originally was pivoted at 6he abutments, 
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would indicate that the Greatest advantage is obtained by making the braced arch continuous at 
the crown and fixed at the ends. After the erection of the Cobientz Bridge it was considered 
advisable to block up the eud, and thus virtually to fix the arch at tko abutments. 

Norwegian Railway Bridge , — Figs. 697 to 699 show tlio type of viaduct adopted for tho Norwegian 
State Boil way. This system, invented and elaborated by A. J. Petorsson, of Christiania, admits of 
the spans being varied in proportion to the varying height of the viaduct, and offers many 
advantages as regards economy and facility of erection. Each pier, Figs, 698, 699, consists in effect 



of a conplo of shear legs, pivoted at the upper end to the girders, and at tho lower md to tho 
masonry foundations. Expansion and contraction of the metallic supcrstiuctuie thus cause only 
a slight inclination of the piers from tho perpendicular, without inducing any landing stresses on 
the ironwork. The fish-bellied girders, it will bo seen, can Iks made similar at ea<h pier head, 
whatever the spans may be, and therefore tho detail is simpler than would bo the case, if parallel 
girders of deptns suitable to the respective spans were adopted. 

Bridges of Steel,— The use of steel for bridges and girders will before long bo generally 
allowed, especially when those structures are of magnitude. The specific weight of steel is prac- 
tically the same as that of wrought iron, but it is the much higher capability of bearing strain 
wherein consists its chief value, and its applicability to constructions of a size never yet 
attempted. 

It may be admitted that 12 to 15 tons a sq. in is a safe compressive working strain, when tho 
material is not permitted to deflect. When in the form of a solid pillar, tho strength of mild steel 
does not exceed 1} times that of wrought-iron ; but this is still open to inquiry, and it would not 
be actually safe to adopt for stool pillars a greater load than 50 per cent, more than for a similar 
section of wrought iron. 
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The Admiralty tests for steel plates are as follows Tensile strain a sq. In. ; lengthways, 
88 tons ; crossways, 80 tons. The tensile strength is in no ease to exceed 40 tons a sq. in. For the 
hot forge test, all plates of 1 in. in thickness and under should be of such ductility as to admit of 
bcndinghot, without fracture, to the following angles Lengthways of the grain, 140° ; across the 

^For the cold forge test, all plates of the thickness stated should admit of bending cold, without 
fracture, to the angle given for each thickness. With the grain ; 1 in., 30° ; 40° ; 60° ; f , 60° ; 

b 70°; 75°; 80° ; T V, 85° ; 1 in. and under 90°. Across the grain ; 1 in., 20° ; 4, 25° ; |, 30° ; 

|, 35° ; b *0° 5 50° ; |, 60° -ft, 65° ; J in. and under 70°. The edges should be drilled or sawn, 

and not punched, in cutting the sample from the plate. In other respects, they should be treated 
as for wrought iron. Steel rivets are very brittle, and it is usual to unite steel plates with iron 
rivets of larger size than for iron plates. 

The British Association Report, 1878, on the use of steel for structural purposes, recommends 
that the employment of steel in engineering structures should be authorized by the Board of Trade, 
under the following conditions ; — That the steel should bo cast steel, or steel made by some process 
of fusion, subsequently rolled or hammered, and that it should be of a quality possessing consider- 
able toughness and ductility. That the greatest load which can be brought upon the bridge or 
structure, added to the weight of the superstructure, should notproduce a greater strain in any part 
than 6} tons a sq. in. But the Committee do not limit the coefficient to this value in railway struc- 
tures generally, as cases will arise where steel of special make and greater tenacity is required. 

This is in accordance with the suggestion of D. Adamson, that a harder kind of steel, having a 
tensilo strength of 40 to 50 tons a sq. in., would bo better adapted to tho purposes of bridge 
building. 

II. N. Maynard, in a paper read before the Iron and Steel Institute, in 1879, states that in 
practice it is better to specify, in regard to the resistance of steel, that it shall bo from 36 to 41 tons 
a sq. in. in tension, with a contraction of area between 35 and 45 per cent., and elongation of 15 per 
cent, in 8 in., and that it shall boar punching a f-in. diameter hole, § in. from edge, without injury. 

Working upon this specification, the results are verified by the following seven examples token 
from inspection reports 

No. 1 Tost.— 3 in. by 3 in. by * in. Breaking strain a sq. in., 41*095 tons. Reduction of area, 
43 per cent. ; elongation in 8 in., If in. 

No. 2 Test.*— 4 in. by 3 in. by $ in. Breaking strain a sq. in., 39*304 tons. Reduction of area, 
84 per cent. ; elongution in 8 in., 1 \ in. 

No. 8 Test.— 8 in. by $ in. bar. Breaking strain a sq. in., 40*469 tons. Reduction of area, 34 per 
cont.*, elongation in 8 in., 1^ in. 

No. 4 Test. — 8 in. by -fa in. bar. Breaking strain a sq. in., 38*125 tons. Reduction of area, 
34 per cont. ; elongation in 8 in., If in. 

No. 5 Tost. — 7 in. by } in. bur. Breaking stiain a sq. in., 38*379 tons. Reduction of area, 
52 per cont. ; elongation in 8 in., If in. 

No. 6 Test. — Plato ^ in. thick. Strain a sq. in., 38*006 tons. Reduction of area, 46 per cent. ; 
elongation in 8 in., If j| in. 

No. 7 Test.— Plate £ in. thick. Strain a sq. in., 39*400 tons. Reduction of area, 45 per cent. ; 
elongation in 8 in., l]f in. 

Such material may bo fairly used at a much higher strain than that hitherto used for iron. 

For bridges of large Bpan, or over 200 ft., lightness is one of the most important considerations, 
for smaller spans this consideration is of less importance. 

Having in a design for an iron bridge allowed for safety the usual margin of strength, it does 
not follow, if steel is taken at less than double the price of iron and capable of bearing double tho 
strain that irou bears, that a cheaper structure is obtained, because tho steel cannot be used through- 
out at half the thickness of the former, on account of the risk of some parts buckling and of corrosion 
rapidly destroying thin sections; but, with a suitable combination of steel and other material, a 
structure cheaper than all iron or all steel is obtained. With a girder of the Warren type, for 
a bridge 120 ft. span with a road at the l>ottom of the girder, and using for iron the Board of Trade 
data of 4 tons a sq. in. of section, the sectional area required at the centre is 41 in.; and at tho 
end 12} in. 

Constructing this girder in the usual way, and adopting a form of the top flange calculated to 
rosist compression, it gives at the centre a section made of top plate 24 in. by 1 in., two sides of 
12 in. by } in,, and two augles equal to 5 sq. in., giving in all the required 41 sq. in of sectional area. 

Dealing with the end section, and building a section that will join on to the ends of the former, 
it must be shaped to correspond, and the thickness only must vary ; therefore wo should havo a 
section which has the lop plate only in. thick, and the sides and angles of } in. thick, producing 
the required sectional area of 12} in. These thicknesses are, however, too small in practice, and it 
becomes necessary to use a section which has T fc-in. plate on tho top, and the other parts | in. thick, 
making together a sectional aroa of 20*7 in., or 8*2 in. of section more than is required. 

Proceeding in a similar way to build with steel, having, say, double the strength, or 8 tons, as 
the data, instead of 4 tone for iron, at the centre we may make a section, using the some external 
dimensions, but half the thickness, without any practical difficulty ; but towards the ends of the 
girder, the strain requires a section somewhat less than } in. thickueas, and becomes practically 
useless, so that there is the necessity of adopting the most practical section, containing 20*7 in. of 
area where only 6} in. are required, the latter being 14 in. in excess of what is necessary to meet 
the Btrain at that part. 

Therefore, while anitablo steel remains at a higher price a ton than iron, there is a dis- 
advantage in using all steel in suoh a bridge, on the score of economy. 

In order to overcome this difficulty, H. N. Maynard has reoeatly constructed steel bridges. 
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hating a combination of materinls so arranged as to meet the strains and give the desired results in 
the following manner ; The proportion of steel being about half the total weight, the remainder is 
made up of the best Lowmoor or Yorkshire iron, capable of bearing a slightly increased strain over 
that of ordinary iron, the result being less costly than either nil iron or all steel. 

The bridge, Fig. 700, wus designed by Major Adelskold to meet very peculiar conditions* 
The distance to be spanned was no less than 137$ ft., and this not only over a violent stream* 

700 . 
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but just at the point where a torrent begins to fall over a lodgo of rock of great height. It 
was out of the question to think of erecting any intermediate support. In order to throw 
the bridge across, it wns necessary to lift the girders over bodily, and they wero therefore 
made as slight as possible. Iron was rejected as the material of construction, and puddled Bteel 
from tho woiks of Buralfammar, in the north of Sweden, was employed. The bridge was con- 
structed at Borgsund’s Works, at Stockholm. The dimensions were calculated for a working 
stroiu of 8 tons an inch, every poition having been tested to 10 tons a square inoh beforo bomg 
put in position. The total weight of the structure wan barely 50 toiiH. An iron bridge of tho 
same dimensions would not lm\o weighed much Ipsb than twice this amount, and its cost would 
have considerably exceeded that of tho steel bridge. Tho method adopted to throw tho girders 
across the fall was very simple. Two largo derricks wero orectid, oik* at each side of the torrent ; 
each derrick consisted ot two spars set, one up, tho othoi down stionm, listing on tho foroshoio at 
the foot of the abutmi nt, and lashed togethi r at top. (luy iop» s < xtendod back from these spars 
to anchoring stakes driven into the ground ; by thebe the derricks wore supported us they leant far 
o\er the stream below. A cable was paused from the end of each girder, through blocks suspended 
from the derrick, at the opposite side of the entrance, and by hauling on this the gmlir was paitly 
raised and partly hauled across to such u distance that the other derrick could take firm hold of 
tho remaining ciul of the girder. Nothing then was required but to raise the girder and drop it 
mto its place. 

7'U Mint Louis Bi idtje . — The finest specimen of a steel bridge is to be found in the Ht. Louis 
Bridge. This great engineering feat of bridging the Mississippi at Bt. Louis occupied six years, 
and is probably unrivalled. 

The clear width of the river spanned by tho St. Louis Bridge is 1022 ft , and tliiH space is divide d 
into three openings by two piers, occupying togothcr 108 ft., leaving a clear span for tho centre 
arch of 520 ft., and for tho side aichos ot 502 ft. Tho rise of tho centre span is 51 ft. 0 in., and 
of the side ones, 47 ft. 10 in. 

The execution of suitable foundations for flic two river piers, one lb*) ft. and the othor 174 ft. 
in height from the rock to the under side of tho roadway, was a work of great magnitude , increased 
by the difficult nature of tho bod of the river, and the violent scouring from tho under-currents 
constantly takiug place, and shifting the positions of the sand overlying the rock. 

The dimensions of the base of the eastern pier are 82 ft. by 00 ft., and the wi stern pier is 82 ft. 
by 40 ft., and lioth were sunk in caissons through 78 ft. and 50 ft. of sand ri speclivcly. These 
caissons contained air chambers 9 ft. in height, the aria of the chambers being equal to that ot tho 
under Bide of the pier, and the lattor was divided into three compartments. Tho caissons are 
built up of timbirs and iron girders, the loof being made of umplo strength to suppoit the whole 
mass of masonry above it, as described at p. 208 of this Supplement. 

Both abutments were also built on caissons. The height from the under side of tho foundation 
to the top of the cornice is 190 ft. 9 in. on the eastern side. 

The cubic contents of this abutment is 11,800 yards, while the east abutment lias 22,453 cubic 
yards, and the east pier 13,240 cubic yards. 

Altogether the total amount of masonry in the structure is 103,000 cubic yards, namely, 
10,000 yards of sandstone, 12,000 yards of granite, and 81,000 yards of magnesian limestone. 

The tubes which support the bridge are all made of crucible cast steel, and are built up in 
lengths, each length being formed of six staves accurately fitting at flic joints, ami forming a 
circle 17$ in. diameter. These staves are then enveloped in steel \ in. thick. The stavos were 
tested for compression to 60,000 lb , and for tension to 40,000 lb. a square inch, without permanent 
set, and the envelope was tested for compression and tension to 40,000 lb. a square inch without 
set, the ultimate tensile strength of both staves and envelopes being set at 100,000 lb. a square 
inch. The lengths of tubes are connected by steel couplings, which contain the necessary provisions 
for the attachment of the different systems of struts and braces. 

The width of the upper or rood platform is 75 ft., and gives accommodation to two spacious 
footpaths and four lines of tramwuys, while the lower platform carries two lines of rails. 

The prominent feature in the erection of this bridge was the absence of scuffolding In the 
river, except for a short distance adjacent to the piers and abutments. 

The bedplates upon which the skewbacks rest, were bedded into the masonry during the 
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building of the plow and abutments. After the skewback* and their connected tubes were hoisted 
into position upon the bod-plates and anchor bolts, and firmly screwed down to the bed-plates, 
measurements and observations were made to ascertain the amount and direction of variation from 
correct position. 

From these, the amount and direction of the changes necessary to bring each skewback and its 
connected tube into correct position, were determined. The changes neocssary to correct the errors 
shown wore made by cutting out the holes through which the anchor bolts pass, and allowing the 
higher skewback to drop the proper amount, 'llie angular changes needed to correct both 
horizontal and vertical deviations, were made by inserting between the skewback and its bed-plate 
angular plates. 

Each span is composed of four arched ribs, respectively 161 ft.,' 12 ft., and 16 J ft. apart from 
centre to centre, Fig. 702, in which the two diagrams to the left are sections through A B and 01), 
Fig* 708, respectively. Each of these ribs is composed of two lines of tubes 12 ft. apart between 
centres of the tubes. The tubes are about 12 It. long. The upper and lower members of each 
rib are connected together by a system of triangular bracing. The first or skewback tubes of each 
member are screwod into tho large wrought-iron skewbacks, which in turn rest upon the bed- 
plates set into the masonry ; the whole being anchored to the piers or abutments by large steel 
anchor bolts. The tubes forming one line or member are rigidly connected at their ends by 
grooved couplings, Fig. 702, fitted to grooves cut on the ends. The couplings are made in 
halvos with flanges ; through the centre of each and the ends of the tubes passes a tapor pin-hole 
for tile steel pin, upon which the braces and cross stays are attached. 

Many particulars, which were afterwards curried out in tho construction of this bridge, are 
given in tho description of Roobliug’s system, at p. 702 of this Dictionary. 



Starting from the skewback tubes, all four ribs were simultaneously erected as far as the tenth 
or eleventh tubes, Fig. 701. Hero tho outer tubes wore discontinued, and only the two inner ribs 
carried to tho centre. Tho ribs were connected and stiffened bv thoir connecting struts and tension 
rods. At tho central panel, these long semi-arches presented & rectangular cross section as at 
C D, Figs. 702 and 708, about 12 ft. deep and 12 ft. wide. 

The standard of temperature to which the computation and measurements were referred is 
60° Fuhr„ and the curve of tho finished arch, under its permanent load at this temperature, 
was takon os the normal curve of the arch. Tho insertion of the tubes in the first span was the 
most difficult. For this span, two sets ot tubes wero prepared ; one z similar in construction to those 
composing tho archos, and made of tho exact calculated length of the central space ; the other x 
differing from these only in that they wore fitted with an internal adjustable screw, by means of 
which the tul>eg could bo lengthened or shortened to a limited extent, in caso there should bo 
found any errors in the measurements of tho span. Fig. 702. 

Tho screws in tho adjustable tubos were made from forged wrought-iron rings 18 in. long, 
15 iu. outside, and 11 in. inside, diamotcr. The screw thread was right and loft handed on tho 
different onds, square, and in. deep; tho pitch was § in. In tho cylindrical pirt of the screw 
between the right ami left threads, six holos 1J in. in diameter were bored, for the purpose 
of passing rivets to fasten the steel rings, which were to fill spaco A, Fig. 702, after the tubes 
were screwod out to proper length, to mako a solid steel connection throughout the tube. Tho 
screws had boon prepared of this form, with tho expectation that they would only be needed 
to lengthen or shorten tho tubos before they wore inserted ; the forcing apart of the arches with 
these screws had not been anticipated. They fitted well, and required a moderate power to turn 
them, evon without any pressure against the rereads ; and with any strain of either compression or 
tension upon the tubes it became very difficult to move them. After the inner ribs were con- 
nected the cable strains were reduced so that there was only about 160 tons strain on the main 
cables. Then the erection of the outer ribs was going on, and this threw the additional weight of 
these outer ribs upon tho inner ribs. Efforts were made to turn out tho screws in the first arch 
by means of bars inserted in the holes of cacti screw, connected at the ends in a wheel form. But 
slow and slight progress was made, as the bars were constantly brokon. The tubes, fastened at 
both onds by their couplings, were subject to strains of compression and tension as ihntemperaturc 
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varied. Only at the intern! when these strains were sero oould any result be obtained in moving 
the screws. To determine when this occurred was only possible by keeping a constant strain upon 
the bars* The great labour and slow progress led to two improvements which overcame the 
difficulty in the remaining parts of the archos. First, one end of the central tubes was left freo. 
by making a pin-joint only. By this moans no tension could be got on these tubes, and any 
opening or relaxation of compression at this loose joint, produced by contraction or expansion of the 
arches, according as it was a lower or upper tube, could readily bo taken advantage of to sot out 
the screws. The second improvement was the designing of a wrench to turn thcBO screws, even 
under a high compressive strain. These wrenches were made of railroad iron, and resembled iu 
form an elongated letter A. Each foot was fitted with a X -shaped nipper, sufficiently narrow to 
enter the opening A, Fig. 702, between the bands of the tubes, which in some cases was only 
J in. This wrench was about 7 ft. lon^, and acted by direct shearing strain upon a 1-J-in. steol 
pin, passing through the screw and projecting sufficiently at each side for the nippers to catch it. 
with the use of the wrench, the power of six men on a double-geared crab, oould be transmitted 
through a sixfold purchase to the end of the wrench. 

It would be quite possible to remove any part of tho arches of this bridge, without the use of 
cables above, or false work beneath. For instance, a tube could be removed and anothor inserted, 
with no risk to any part of the structure, and but partial interference with tho traffic, by suspend- 
ing the rib from which the tube was to be taken upon the adjacent ribs by means of diagonal 
suspension rods. The adjustable screws could then be relaxed sufficiently to relievo tho respective 
members from tension and compression, the rib disconnected at any point, and a new tube inserted. 
The temperature at the time should be considered, and all means taken to hold tho rib in its 
position by struts and tie-rods, in order that it may not movo from its proper place, and thus 
prevent or delay the insertion of the new tube. If all material were previously prepared, the 
whole operation would perhaps be possible within twenty-four hours. After the completion of all 
tho ironwork on Span I. and most of tho woodwork of the upper roadway, two tubos m the lower 
members of ribs which had been injured during the erection, were romovod and new ones 
inserted. At this time these ribs were practically loaded with their full permanent load, and wero 
unsupported by any cables. 

Tho remo\ al of a skewbaek tube would be more laborious, but still possible. Thcso tubes 
being screwed into the skcwbaokB, it would be necessary to remove another tube first m order to 
obtain working room ; it would be comparatively slight labour to remove any otlior part of the 
arches. 

Tho tubes as well as oil other pieces of the bridge wero painted on all sides before they left tho 
shops, but the interior of the tubes, and their joints, were thoroughly painted after tho tubes were 
in place, by using a small spindle-shaped vessel such ns would pass fieely down the tubes beneath 
tho steel pins, about 4 in. by 5 in., peiforated at the top and sides with fine holes, its bottom filled 
with lead, tho whole set upon rollers, and fastened by a movable joint to a gas-pipe in 12-ft. pieces. 
This apparatus wus first breed down the whole length of the tubes, joint by joint, until it reached 
tho skewbaek, and then attached to a force-pump by floxible hose, and thin asphaltura varnish 
forced down the pipe. A steady spray of tho paint was projected against the top and Bides of tho 
tubes, and tho suinlus ran down along the bottom ; tho pipe was slowly withdrawn, the pump 
being kept at woik. This sprinkler was replaced by a simple gas-pipe, closed at tho ond 
and perforated on all sides with numerous fine holes, their aggregate area being proportioned by 
experiment to the capacity of the pipe, which was 1 in. in diameter. Ibis method was wasteful ; 
but it allowed the mixture to penetrate tho joints of tho staves, screws, and backing, and protect 
them from the attack of water, to which they would bo most exposod, should there bo any leakago 
or condensation within the arch tubes. 

A 30-ton locomotive at different ]>o a itions of tho centre span produced these results on Rib B. 


Engine at 


West Quarter, Joiut 11 
i Centre of span 
I East Quarter, Joint 33 


Deflections lu Inches. 

| At Joint 11. 

At Centre. 

At Joint 33. 

i 0*510 

0*12 

-0 00 

, 0*210 

0*0 

O' 12 

1 -0*024 

-0*012 

i 

0-72 


Similar observations wero modo at other points. Tho same load at different points produced 
the following results ; — 



Deflection In Inches at Outre of 

Engine. 





Span 1. 

Span 11, 

Span ill. 

At centre of each span 

0*030 

0*0 

0 03G 

Moving 5 miles an hour 

0*5 

0*42 

0*5 

, 1 o „ „ .... 

„ 

, . 

0*75 

»» 15 || „ #« M 


0*75 

** 
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Different loads, at different points, cause the deflections recorded in the following table ; — 


Load, allowing IS tons for each Tender. 

Deflection in Inches at Centre of 

Loco- 

motive*. 

Weight in 
Ton*. 

Placed on Middle of 

Rib A. 

Rib B. 

Rib C. 

Rib D. 

7 

884 

South Track of Span I IT 

2*48* 

1-84* 

l*33f 

0*83 

7 

334 

„ ,, fi II* *• •• 

2-8* 

2-15* 

l*37f 

11 

7 

850 

»» »» I 

2*48* 

1*8* 

l*27f 

0*82 

14 { 

834 

850 

m ;; L •• •• 

3-048 

2*892 

2-616 

3* 

14 | 

834 

850 

North „ 1 tt 

South „ / ” 11 

3-48 

8*44 

3*89 

8*92 

10 1 

492 

»» tt tt 11 

2-37 

•• 

•• 

•• 


* Loaded rib. + llib partly loaded. 


Tbe greatest vertical deflection of Span II. when one-tliird was loaded with locomotives was 
1*48 in. and at the fourteenth joint; when one-half was loaded this maximum deflection was 
1*67 in. and at the fourteenth panel, and when five-eighths was loaded, it was 2*25 in. and at the 
seventeenth panel. The greatest negative deflection or rise of the same span when 12 of the 
44 panels were loaded was 0 63 in. and at the twenty-ninth joint. With a load of 334 tons 
on north track of Span I., ltib C of Span II. raised 0*3 in. ; on south tract of Span II., Rib B of 
Span I. raised 0*12 m. ; on south track of Span. I., Rib B of Span II. raised 0-216 in.; and with 
the same load moving eastward over Span I., Rib B of Span II. raised 0*48 in. ; in each case tho 
measurement being at the centre of the rib. 

After each tost the load wus entirely removed and observations made for permanent set, which, 
however, was not at any time visible, nor was any side deflection of tho outer ribs under the various 
loads discovered. 

It should bo carefully noted that steel does not woik so freely and easily as wrought iron. It 
will not stand the same amount of forge and smith work, unless the opeiations be conducted with 
greater care than is required in the case of iron. If steel be overheated, it is difficult to make a 
good weld. Iron rivets are frequently used with steel girders. Tempering steel in oil has the 
effeot of increasing both its toughness and limit of elasticity. It increases the latter quality to three 
times that of wrought iron, a most important consideration. The relative ultimate strength of 
materials is not tho only point to be attendod to by engineers. A material which, by its largo 
range of elasticity, gives amplo warning befoie it undergoes final rupture, is to be preferied to one 
which may possess a greatei ultimate stiength without the other valuable quality. 

Seo Oautentey, Calculus, Dredger, Pile Driver, Strength op Materials, Viaduct. 


1870. 

1877. 


Mechanics of Construction.* Hurst, ‘Tredgold’s Carpentry,’ 1875. Bow, ‘Economics of Con- 



. . - . ... Building.* 

Young, ‘Strains upon Girders and Aiches.’ Fuirbairn, ‘Cast and Wrought Iron Construction.* 
Barlow, ‘Strength of Matoiials,* 1867. Clark, ‘The Pesth Bridge.* Kirkaldy, ‘ Iron and Steel,* 
1864. ‘Minutes of the Proceedings of the Institution of Civil Engineers.* Wood, ‘Construction of 
Bridgos and Roofs.* ‘ Transactions of the Society of Engineers.* ‘ Annales dos Ponts et Chnussees.* 
Cotton, ‘Manual of Railway Engineering,* 1874. ‘ The Builder.* Whipple, ‘ Bridge Building,* 1873. 
Shreivo, ‘ Strength of Bridges and Roofs,* 1873. Chanute and Morison, 4 The Kansas City Bridge,’ 1870. 
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The vehicles employed for convoying the loaded tubs from the bottom of the shaft to the surface, 
and the empty tubs from the surfaco to the bottom, are called cages. They are made of wrought 
iron, or steel, and should be so constructed as to carry the largest number of tubs with the least 
weight of cage. A cage should bo compact, so as to be easily guided in its ascent and descent of 
the shaft, and it must be so arranged that tho tubs can be readily entered and removed. 

The form of a cage will therefore be determined, first, by the form of the division of the shaft 
in which it has to travel, and secondly, by that cf the tubs it has to contain. Both of these being 
rectangular, it follows that the cage will always have tho same form. Its dimensions and carrying 
capacity will evidently be determined, firet, by the amount of the output at tbe mine and the size 
of the shaft, and secondly, by the power of the winding engines. Cages are generally constructed 
to carry two tubs, placed end to end ; but where the space in the shaft is restricted, the tubs may be 
placed on separate floors, one above the other. Cages are known as single, two, three, or four-decked, 
according to the number of floors they contain. Where the output is large, cages of as many as four 
decks are employed, especially at the coal mines of Belgium, which carry two tubs on each floor. 
Tho floor of the oage should be provided with rails, to facilitate the running in and out of the tubs ; 
and the openings which are left for this purpose, and which are always situate in the shorter sides 
of the rectangle, should be dosed by some kind of self-acting catch or hook, in order to keep the 
tubs in position during the time of their being transmitted from the bottom of the shaft to the 
surface, or from the surface to the bottom. The best fastening for this purpose is 6be which acts 
by its tendency to maintain a perpendicular position. 
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Guides are always used in conjunction with cages, in order that the latter may maintain a 
regular motion in the shaft, and thus prevent those accidents which often oocur with other systems 
of winding, by the corves or kibbles coming in contact with each other in tho shaft When rigid 
wooden, or iron, guides are need, the guide cheeks are plaoed in tho centre of each of the shorter 
sides of the cage ; they are formed of sheet iron, and should be slightly bell mouthed at each end, 
so as easily to slip over slight inequalities. With flexible wire-rope conductors, rings ore provided, 
at the top and bottom, at each of the angles of the cage. The top of the cage should bo provided 
with an iron bonnet or roof, for the protection of persons riding in it. The euge is suspended from 
the winding rope by short chains at each of the upper corners, and, in tho case of heavy cages, from 
the middlo of the longer sides as well. 

A wide margin ot strength must necessarily be allowed in drawing cages, and the parts should 
be strongly put together. The dead weight of the cage is therefore very considerable, and consti- 
tutes an important item in the load to be raised. This dead weight should be reduced as much as 
possible, while at the same time preserving the strength and rigidity of the cage. Wrought iron 
cages weigh from 5 to 6 owt. when designed to carry a single tub, and from 9 to 10 ewt. when tho 
carrying capacity is two tubs, whether the euge l>e a single or a two-deckir; while a two-dicker 
cage, constructed to carry four tubs, will w< igh from a ton to a ton and a quarter, or even raoro. 
To reduce the dead woight of the cage, steel can lie substitute for wrought iron. 

Figs. 704, 705 show a design for a single-docked wrought-iron cage, to carry two tubs; Figs. 
706, 707 a two-decked cage, to carry four tubs ; and Figs. 708, 700 a four-docked cage, to carry 
four tubs. 



Figs. 710, 711 are of a two-dooked steel cage, to contain four tubs ; Figs. 712, 710, a two-decked 
steel cage, to carry two tubs, and to be used with wire-rope oond actors. 

The guides, or conductors, in general use consist of lengths of tnnlier, usually of Mcmel pine, 
which are placed v< rtically in the shaft, and held in position by being firmly bolted to cross timbers, 
called buntons, which are placed at regular intervals throughout the depth of the shaft. Those 
buntons arc also of pme, and they are firmly fixed into tho masonry of the shaft, at intervals of 
about 6 ft. The sectional dimensions of the cross pieces are about 9 by 3 in., and the guides about 
4 by 3 in. 

The system of guides practically divides tho shaft, or that portion of it which is set apart for 
drawing purposes, into two compartments, in ono of which tho loaded cage ascends, while in the 
other the empty cage descends ; the arrangement of tho guides may be Yarn'd in many ways, ac- 
cording to the requirements of the case. Generally only two guides are used to each cage, one on 
eaoh side, and these should be placed in the centra of the ends, or short* r sides, for when in this 
position they impart the greatest amount of steadiness to the cage. The guides must, of course, 
extend tliroughout the whole of the distance traversed by the cage ; they r< aeh down to the floor of 
the levels entering the pit eye, and they should rise to the distance of a few feet above the mouth 
of the shaft *When the guides are fixed in the middle of the shorter sides of the rectangular space 
in which the cage moves, and when, as is usually the case, the tubs are run off and on at those 
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sides, it becomes necessary to work without the regular guides at the points where the cage is 
loaded and unloaded, and to provide an arrangement by means of which it may be guided on the 
other sides. 

In some cases bridge rails, and in others angle iron, are used instead of wood for guides; but 
whatever the material employed may be, it is essential that the guides be regular iu section, and 
the joints between the several lengths evenly and firmly made. Iron will, however, in oonsequence 
of its comparative want of elasticity, cause a greater amount of jolting iu the oage than wood, and 
this is a mating of some importance, especially in rapid winding. 



In Lancashire, and other English mining districts, the guides, or conductors, os they are more 
oommonly called, consist of continuous round bars of iron. These are fixed to Btout balks of timber 
at the bottom of the shaft, and are then firmly screwed to other balks situate at the top of the head 
frame ; the cages in these cases being provided with rings to run upon tho rods, instead of the 
ordinary guide cheeks. In many plaoes wire-rope conductors have been substituted for these iron 
rods. They are generally secured in the shaft in tho same manner as adopted for the rods ; but 
Boraetimcs only the upper ends are screwed to the balks, the lower ends being passed through holes 
m the timbers, and heavy weights attached to their free ends. Tho advantage of this method is, 
that tho guides are kopt taut by the weights, and do not therefore require the constant supervision 
and screwing up which they otherwise would. 

The relative merits of rigid and flexible guides constitute a disputed question among mining 
engineers. The principal dofoct of flexible guides lies in the swaying motion which is set up in 
them and iu the cage, especially when the velocity in the latter is high and the depth of the shaft 
great. This Bwaying motion may be in a great degree neutralized by the employment of four ropes 
or linos of conductors, but on account of want of rigidity, extra space should be allowed in the 
shaft, between the ascending and descending cages. To ensure safety, they should not be allowod 
to pass each othor more nearly than 9 in. when moving in straight lines. 

Keeps or keps consist of a series of catches, arranged ovor the mouth of the shaft, and by 
means of which tho cage is supported during the time that the loaded tubs are being run off, and 
the empty tubs run on. They project slightly over the mouth of the shaft, and are so arrangod as 
to be lifted by tho asoonding cage, but being weighted they fall back into their proper positions 
directly it has passed ; the oage is then lowered on to them, and the operations of unloading and 
loading are commenced. When the cago is ready to descend agein to the bottom of the shaft, it is 
first raised a short distanoe above the keeps, and these are then lifted out of the way of tho cage, by 
means of a series of levers to which they are connected. These levers are generally attached to a 
handle and woiked after the manner of a railway switch, but they are sometimes arranged to be 
worked by tho foot. Tho keeps being raised clear of tho shaft, the cage descends, and as soon as it 
has passed tho keeps, they are allowed to fall back to their proper positions. 

A system of keeps may be contrivod in a variety of ways ; simplicity of construction and strength 
of parts being tho only essential conditions in a design of this nature. One of the most simple 
forms of keeps is that in Fig, 714; while Fig. 715 is of another arrangement in which the oatches 
are kept iu position by springs instead of counterweights, but this is not a good plan, as springs 
are more liable to fail in their action than weights. 

It may be remarked here, that when tho cages possess more than one deck or floor, the 
operations of raising and lowering upon the keeps have to be repeated for each of tho levelB ; and 
that tho arrangements at the bottom of the shaft are s imilar to those at the top. To avoid this 
repetition, however, the arrangements sometimes include a series of stages at the moufix of the shaft, 
and inclined planes at the bottom of tho pit, by means of which the loading and the unloading of 
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the cages may be carried on at the different levels at once. This is especially the case in Belgium* 
where four-decked cages ore not uncommon. 

The accidents which ooour in winding operations ore chiefly due to one of two causes, either the 
breaking of the winding rope, by which the cage is precipitated to the bottom of the shaft, or the 
drawing of the cage over the head-gear pulley by overwinding ; and both of these accidents are 



often attended with fatal consequences. In order to reduce tin so accidouts as mucli as possible, ft 
largo number of inventions have been brought forward during the last quarter of a century ; but 
though much ingenuity has been exercised in their const met ion, no perfectly satisfactory apparatus 
has at present been introduced. 

These apparatus are of two kinds. The first, which are intended to prevent the accidents which 
arise from the breaking of the rope in tlio shaft, are called safety cages; wliilo those which aio 
designed to prevent the fatal consequences of ovei winding are called sun ty hooks or catches. 

In safety cages the means adopted for preventing the descent of the cage in the Bliaft, though 
differing considerably in detail, are essentially the same in principle in all. They consist of a 
senos of dutches or eccentrics, which are caused to grip the guide s immediately on the severance 
of the wiudmg rope, but which are kept from contact with the guides so long as the cage remains 
attached to the rope. It will thus be seen that the safety of the apparatus depends ui>on the 
friction exerted by the clutches upon the sides of the guides ; and this friction is often so great as 
to completely destroy the guides, where these latter are of wood. 

Against the use of all kinds of safety apparatus there exist two great objections; for the 
adoption of any self-acting apparatus of this laud will often lie found to cause a gradual falling off 
iu the core and attention of the men, not only in the woiking of tho machinery, but also m the 
examination and care of the winding ropes and other parts of the apparatus, tho whole safety of 
the working being left to depeud upon the proper action of the safety appliances, which may them- 
selves fail at the very moment when required. Besides the danger arising from this carelessness 
induced by a feeling of security, the apparatus itself introduces another element of danger into the 
working of the pit ; for, if it is not frequently examined and kept in proper repair and working 
ordtr, it will be apt rather to occasion than to prevent accidents, by causing the cage to stick in the 
shaft, or otherwise interfering with its working. These appear to have been the opinions held by 
some members of a committee appointed by the North of England Institute of Mining Engineers* 
in 1868-70, to investigate as to tho ^alue of safety cages and hooks. 

Various strfements were, however, made by this committee os to accidents in which the safety 
appliances had proved of value, showing in such eases the action of the apparatus. 
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Previous to 1869 there h*d been at the Vacli, Garth, and Wyndham pits, two broken ropes. 
On the first occasion the cage was 40 yards from the bottom of the pit, with two full tabs of coal, 
which together with the cage weighed 45 cwt. ; the cage fell about 7 or 8 ft., while the levers of 
the safety catches grazed the conducting rods, bat no other damage was done. On the second 
occasion, the engine driver wound the cage up to the pulley and broke the chain, when the 
apparatus came into operation and no damage was done. On another occasion, four men were in 
the cage being drawn up the pit, the rope broke, the catches ploughed the wood guides for about 
4 ft , and then held the cage fast, till the men were wound np by a capstan rope. An experiment 
was made by kepping the cage and allowing six yards of slack rope on the pit side of the pulley, 
and then knocking the cage o$ it slipped down 12 in., and was held firmly. The experiment was 
varied by allowing the slack rope to be on the drum side of the pulley, the slack rope over the 
pulley prevented the catches from taking firm hold of the rods, and the cage with the tub, weighing 
altogether 20 cwt., fell till suspended by the rope, the guides being Bplit more or less the whole 
distance. On one occasion, while winding coal, one of the side chains broke, and the cage was sus- 
pended without much damage to the guides, which did not require changing. On another occasion, 
while winding water, when tank and cage, about 40 cwt., emerged from the sump, one of the side- 
chains broke, the catches slipped about 4 ft., and cat the guides nearly through, and split and other- 
wise damaged them, so that they had to be replaced for about five yards. Again, a bridle chain 
broke at one of the Wyndham pits, the lever entered the conducting rod and stopped the cage, which 
fell about 12 m., causing no damage. 

With Ormerod’s disconnecting nook at Bunker Hill Colliery, the brakesman took up the cage to 
the pulley with time men in, the cage was caught, and the men were uninjured ; on another 
occasion, the descending cage was allowed to go down too quickly, and the ascending one ran up 
to the pulley, when the rope was disengaged, and the cago suspended. 

Although this report includes mention of several other systems, and other applications of the 
systems named, the prevailing statement is that no practiced occurrence has enabled the Committee 
to form an estimate of the value of the apparatus. 



Owen’s safety cage is shown in Figs. 716 to 719. Fig. 716 is a side elevation, showing the 
manner of attaching the apparatus to the cage, and Figs. 717, 718 are enlarged views of the details; 
while Fig. 719 shows the shape of the paws of the levers as adapted for use with wire-rope conductors. 
A are the guides ; B are the suspending rods ; C levers to which the suspending rodj are attached, 
and which, when the weight is carried, keep tye levers E from owning in contact with the guides ; 
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D are springs for giving motion to the lovers 0 and E when the rope breaks. F is a wrought-iron 
plate fixed to the side of the cage, and to which the apparatus is attached ; and G is the frame- 
work of the cage. Upon an examination of the figures it will be seen, that when the suspending 
rope breaks, the springs D will force the levers E against the guides, and the cage win remain 
suspended. Every time the cage is on the keeps, both at the top and bottom of the pit, the rope 
will slack and the apparatus will oome into action, and press upon the guides. 

Bro&dbenf s safety cage. Fig. 720. A are the guides ; B the suspending chains ; 0 levers to 
which the suspending chains are attached, and which, when the weight is carried, keep the 
eccentrics E from coming in oontaet with the guides; thero is a spring for giving motion to the 
levers C and eccentrics E when tho rope breaks ; F a wrought-iron plate at side of cage to 
carry the apparatus ; and G the framework of the cago. When the suspending rope breaks, the 
springs will force the eccentrics E against the guides, and the cage will remain suspended. 
Every time the cage is on the keeps, both at the top and bottom of the pit, the rope will slack, and 
the apparutus will come into action and press upon tho guides. 



Calow’s safety cage, Figs. 721, 722, differs somewhat from those just described, in that it is not 
dependent for its action on any direct attachment to tho rope. A the guides ; B tho suspending 
rods or chains ; E an eccentric carried by a shaft H, on which is also keyed tho lever C ; D is a 
spring which is made to suspend the weight I, and keep the eccentrics clear of the guides, so long 
as the speed of the descending cage docs not approach that of a falling body But by the cage 
falling, or through any sudden jerk, the pressure of the weight I on the spring D ceases to be so 
intense, and therefore the spring lifts it, and sets in motion the eccentric E, which grips the guides 
and prevents the cage falling. .This apparatus therefore does not come into action each time the 
cage is stopped or resting on the keeps. 

A side elevation of King’s safety cage is shown in Fig. 723. A is one of the guides ; B B are 
the suspending chains; CC levers to which the suspending chains are attached, and which, when 
the weight is carried, keep the levers or eccentrics E from coming in contact with the guides; D is 
a spring on each side of toe cage ; it is made of a steel bar turned round at H, where it is carried 
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by thcsnspending chains, and the lower ends are Joined on the levers 0; thus the spring, when 
the suspending chains are tant, keeps the eooentrics J5 away from the guides, but when the suspending 
apparatus gives way, it forces the levers 0 outwards, causing the eccentrics E to seize the guides; 
Jr Is a wrought-iron plate fixed to the side of the cage to carry the apparatus; and G is the frame- 
work of the cage. Every time the cage is on the keeps, both at the top and bottom of the pit, the 
rope will slack and the apparatus will come into operation and press upon the guides. By altering 
the edges of the levers they can be made to suit iron-wire guides. 

Fig. 724 is of Benton and Whittaker’s safety cage. A are the guides ; B the suspending 
chains ; 0 levers to which the suspending chains are attached, and which, when the weight is 
carried, keep the levers E from coming in contact with the guides; D are springs giving motion 
to the levers 0 and E when the rope breaks ; F is a wrought-iron plate at the side of the cage 
to carry the apparatus ; G the framework of the cage ; the springs D are bolted together with a stop 
H into the plate F, and the levers 0 are so arranged that the stop works in slots I, which regulate 
the travel of the levers. When the suspending rope breaks, the springs force the eccentrics E 
against the guides, and the cage will remain suspended. The apparatus will also come into 
operation every time the cage is on the keeps, either at the top or bottom of the pit. 



Tho following is a description of White and Grant’s safety cage. Fig. 725 is a side elevation, 
and Fig. 726 an end view. A aro tho guides; B suspending chains, which are carried to a 
bar 6, which passes through a guide in a bow of F, which is made strong enough to take the 
whole weight of tho cage and is carried by the stop b' at the end of 6; D shafts to which aro fixed 
the quadrants 0, and the eooontrics E ; and G is the framework of tho cage. Tho action of this 
apparatus is similar to that of King's safety cage. 
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Owen’B safety ^ 

^S®* 727 » 728 > A are the glides; B the suspending rods; C 

I ™ ^pending rods Are attached; these levers press against the stops H and 
and levers E from oontaot with the guides ; D is a powerful spring for 

ftna which, when the weiiri s when the rope breaks ; F is a wrought-iron plate at the side of the 
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King's safety grip for winding cages, constructed for use with wire-rope conductors, is 
shown In Figs. 729, 730. Fig. 729 shows the cage attached to the winding rope, and Fig. 730 
the grip brought into action by the breaking of the rope. In the figures, A is the framework of 
the cage ; B chains for attaching the cage to tho winding rope ; 0 guide-ropes, and D guide-rings 
attached to the cage, and through which the guide-ropes pass; E the grips; and F a sttel 
spring, which ensures the grips acting immediately the rope is broken. This grip lias been largely 
employed not only in collieries, but also in furnaco lifts, and similar appliances. 

Safety, or disconnecting hooks, as they are generally callod, are intended to prevent the fatal 
consequences of overwinding. They cause the hook or link by which the cage is suspended from 
the rope, to release its hold of the rope, by striking against a portion of the framework of the head 
gear, arranged and placed at a certain height for that purpose ; in this way the rope is saved from 
rupture, while the safety of the cage is left to depend on the ordinary safety apparatus. In some 
kinds of safety-hook, however, the cage is not only detached from the rope by tho action of the 
hook, but is at the same time suspended by it to the framework of the head gear, and its safety thus 
depends on the action of one apparatus only. 

The objection to appliances of this nature lies in their apparent liability to release their hold of 
the rope, when not required to do so, as the eiloct of a sudden shock brought upon them. It is, 
however, but just to remark that hitherto no accident of this kind has occurred. 

In the following paragraphs we illustrate and describe tho most generally known and adopted 
of these appliances. 

Fig. 731 is an end elevation, and Fig. 732 a side elevation of Ormerod’s disconnecting hook. 
Fig. 733 shows the hook of this apparatus, disconnected fiom the winding rope, and hanging sus- 
pended to the conical cylinder, whioh is attached to a beam near the top of the pulley frame. 
The apparatus when attached, as in Fig. 732, is wider at the bottom than at the top. When the 
hook is drawn into the cylinder E, which is conical, the points H, coming in contact with F, begin 
to dose the bottom, open out the top, and force the shackle A from its seat into the slot D, which 
allows the rope to go free, at the same time the shackle B is forced out of its seat into the bottom 
slot D', and locks itself; and the cage, being suspended from the chain, cannot fall back again. To 
prevent the link from becoming detaohed or deranged, at any time, in the pit, it is locked by the 
pin P. 

Calow’s disconnecting hook is shown in Fig. 734, attached to the winding rope and to the 
cage as in work ; and Fig. 735 shows the same hook detached. It is made of steel, and held 
together by means of a slotted plate B. The weight of the cage rests on a pivot D in the centre, 
which pivot hes a constant tendency to divide the upper portion of the book. The instant the 
hook oomes in contact with the ring A, shown in section, the slotted plate is forced off the lower 
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King's disconnecting hook, Figs. 736 and 737, is 7J <- 

composed of throo pieces, B, B\ and D, joined to- 
gether by the pin 0. B and B' havo hooks at F, 

■which, when in the position Fig. 736, hook over 
the shooklo A, and secure tho cage to the rope; 
but whon tho projecting euds B B' press against 
tho ring E, which is suspended near tho pulley, 
they assumo tho position Fig. 737, and disconnect 
themselves from the Bhacklc A. 

In Denton’s disongaging hook, Fig. 738, A acts 
as an o|»eri link, with the bend or hook at a very 
strong, to ensure its lowing the requisite weight ; 

B is a guaid, to prevent the ling of the rope slip- 
ping off tho hook. The guard has open slots, over 
which two latches ft drop, to keep the guard in its 
place, the latches being held down by two springs, 
one of which is shown at c, which bear on studs ft'. 

The paits A and B oro jointed together at d, and 
the two latches oouplod together, by the tail-piece 
e being inserted between them, and ail three riveted 
or bolted together, as at /; in the event of the cage 
being overwound, previous to its going into tho 
pulley, the tail-piece coming in contact with a cross- 
beam, fixed for the purpose, will, by turning on its 
joint 7 , lift the latch ft off the slot, thereby remov- 
ing the impediment to the separation of A from B 
at tho point a , and A having a shoulder at «, it fol- 
lows that whon the latch ft oomes in contact with 
this shoulder and the cage is etill going upward, 
the tail-pieoe will be arrested by the cross-beam, 
and turn the portion A of the slip catch over on its 
back, when tho rope-ring K must slip out and leave 
the catches and cage behind. 

Bryham’s disconnecting hook is shown in Figs. 

739 to 741. Fig. 739 is an end elevation; Fig. 

740 a Bide elevation of the apparatus in working order; and Fig. 741 a side view, showing the cage 
detached by overwinding. A A are two wrought-irou plates forged with a slot B*to receive the 
shackle C to which is attached the cage. D is a wrought-iron disengaging plate, forged with the 
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slot E, and fixed between the platen A A, and is kept In its working position by a email brass pin F ; 
Q is a wrought-iron plate fixed in the head -gear framing, and having a large hole in itthlbn^h which 
the rope works. When the cage is raised too high, the hook, being attached to the rope, is drawn 
through the plate G ; the circular hole in this plate is made of such a diameter as to prevent the 
hook passing through it without first cutting the small brass pin F, by pressing in the plate D, and 
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removing the shackle C with its load from their working position into the slot B, which is thus dis- 
connected, as in Fig. 741. To prevent the cage from falling down the pit-shaft, catches aro 
fixed in the guides, so arranged that the cage in ascending raises the catches, and immediately it 
has passed them they fall into their original position, and receive the cuge when disconnected from 
the rope. 

Figs. 742 and 743 are McGill's disconnecting hook. A is the main shank, forged with ono 
portion of the eye, in which the bridle B, with its roller rests. The clip C closes up the eye, and 
is kept in its place by the spring D, pressing upon a pin at the end of the horns of the (dip. The 
cross-bor E comes in oontact with the flanges of the pulley, and causes the eye-holt to assume a 
diagonal position, the bridle B and its roller are thus brought on to the clip C, and the weight of 
the load overcomes the pressure of the spring D, the clip 0 assumes the position shown in dotted 
lines in Fig. 742, and the bridle with its load is thus disconnected from the rope. To prevent the 
cage from falling down the shaft, two catches are fixed in the timber guide-rods, acted upon by 
springs from behind. When the cage is ascending it forces the catches back, and the moment it u 
passed they resume their original position, snd receive the cage when it is relieved from the rope. 

Walker's detaching hook. Figs. 744 to 747, consists of a pair of jaws D, working on a centre 
pin E, in such a manner that the weight of the load has a tendency to open the upper limbs, which 
dip the strong centre pin of the shackle A. The upper limbs are formed externally with jaw hooks 
F ; and the jaws kept together, and made to retain the shackle pin by the clamp H, held in position 
• T 2 
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being shaken off either while the chains toe slackened by the momenttxm of the cage or load, or by 
its {filing hack. 

King's detaching hook, Htunble's arrangement, Figs. 750 and 751, consists of two plates, shown 
by the dotted lines ; these are fixed between a framework of two outer plates A, jbo as to oscillate 
aDout a strong pin B, which passes completely through both the plates and the framework ; all 
of these font plates being for the greater 
part of their length of the same width. 

When in operation holding the cage the 
grip is very firm. 0, Fig. 751, represents 
a section through the ring or catch plate 
for disconnecting and suspending the hook. 

This plate should be firmly bolted on to the 
top side of oak beams, set at a proper dis- 
tance apart, and securely fastened to the 
head gear. The dimensions of these beams 
should be such as to allow of a wide margin 
of safety, over the load which they will have 
to carry, as before remarked. 

In case of overwinding, the whole of the 
apparatus is drawn upwards until the pro- 
jections H come in contact with the guide 
plate 0, which presses them inwards, thus 
shearing the locking pin P, and forcing 
out the faints E, at the same time allowing 
the top shackle F to escape by the slot G. 

The projections E then drop back upon the 
guido plate 0, and the cage is thus sus- 
pended, and, together with its contents, pre- 
served from injury. 

In order to prevent tho possibility of 
overwinding the cage without using safety 
hooks, winding engines are often fitted with a powerful self-acting steam brake, which is brought 
iuto action as soon as the cage emerges from the shaft. 

In an apparatus of this kind used at Clay Cross, Derbyshire, the aeoent of the cage shuts off the 
steam, and puts in motion an ordinary brake, which stops tho engine before the cage gets 3 ft. 
above the landing. Another plan is to use a pair of coupled horizontal engines, the steam being 
gradually shut off as the cage approaches the surface, by the automatic reversing of the working 
lever; and the Bteam brake, if the cage asoendB too far, is thrown on before the cage can reach the 
pulloy. 

CALCULUS. 

The term calonlus, although generic, is usually applied to the mathematical methods more 
definitely known as tho Differential and the Integral Calculus. It would be impossible to include 
in any one work a complete list of reduction formula), applicable to all cases requiring this class of 
investigation, and the information in these pages has been confined to the description of tho 
elements ot the calculus, so far as are likely to be of use to the practical engineer. Those who 
wish to pursue the subject in its more abstract relations are referred to the various text-books. 

Before describing the object of the caloulus, it is necessary to point out the nature of the ideas 
on which it is basod. The differential caloulus deals with infinitely small Quantities, or quantities 
which may bo made as small us we please, and we may at any time take these quantities to be so 
small that, when necessary, they may be disregarded. Between any two or more limits an infinite 
number of tei ms may exist, constantly approximating to a subsequent term, which is one of the 
limits, but which is never reached. This idea is difficult to grasp, but that it is feasible is 
illustrated by tho following numerical example. Let there bo constantly added to one term, say 1, 
any number of teims, in such a mafiner that the torm added is half that which precedes; the series 
will go on gradually approximating in its sum to tho other limit, say 2, but never attaining this 
other limit. Thus 

! + * + * + * + * + * + •••• 

novor is equal to 2, although it may be brought os near to equality as we like, by continuing the 
series to a sufficient longth. 

A quantity also may be of appreciable dimensions in itself, but compared with another quantity 
becomes quite unworthy of appreciation, examples of which are occurring in everyday practice. 
Thus, the expansion by heat of an iron bar or girder may be inappreciable, except in only ono 
dimension, that of its length ; and in calculating for the effects of temperature we may neglect any 
expansion except in this direction. The doctrine of infinitesimal quantities, when regarded from a 
practical and not from a metaphysical point of view, is thus not difficult to grasp, and enables us to 
understand more easily than any other basis the applications of the calculus. 

The objeot of the differential calculus is, to determine how small changes in some variable 
quantity, cause variations in the value of a quantity depending upon this variable quantity. In 
some branches of physios, by considering the variations experienced by a single mqjecule, the total 
effect on the whole body may be learnt. 

The integral calculus has for its aim to ascertain from the ratio of such changes, the governing 
function or law of these * changes. Its objeot is therefore just the reverse of that of the differential 
calculus. 

Both the calculi differ in their operations from those of ordinary algebra, by dealing with 
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▼triable instead at constant quantities. It it usual with mathematicians, when dealing with 
constant quantities which retain the same value throughout the problem, to represent these quan- 
tities by the earlier letters of the alphabet, a, 6, c, . . . . and variable quantities by the later letters, 
as x, y, s . 

The dependenoe of a quantity y upon another quantity x is expressed by a formula, as y = ax m t 
and y is said to be a function of x, and the equation may be written under a general form y - f(x) 
which does not tell us anything of the exact relation until the definite or determinate form is 
known. As an unlimited number of solutions may bo found for y = f(x\ that one of the variables, 
x, which may be ohosen at will is termed the independent variable, ana y the dependent variable. 
In y ss a x", a and m are constant, because if these were to vary, no one definite law could ever be 
determined from the relation of y to x. There may be, however, two or moie variables, as 
x s /(x, y), and the case meet with eolation if there are & sufficient number of oquational relations 
given to determine the law. 

All such relations admit of graphical illustration, thus the area of a parallelogram depends upon 
its breadth and length, the contents of a solid upon an additional variable of width. 

If the independent variable of a function, such as the abscissa A M = x, Fig. 752, is increased 
by an infinitely small quantity M N = d x, termed the differential of x, the ordinate or dependent 
variable y = MP beoomos N Q, and is increased by a corresponding differential d y. 

The two letters, dx f dy t represent one quantity in each case, and it is not to be understood that 
d is to be multiplied into y or x as in ordinary algebra. Upon this reasoning 


and 


y + dy = /(x + dx), 
dy = /(x + dx) -/x, 


by ordinary algebra, and is the general rule for the determination of the differential of a function. 

If y = x* f dy = (x + tf x)* — x* = (x 3 + 2 x dx -f- dx 1 ) — x 1 = 2 x dx •+• dx 1 . As dx is small or 

fractional its square will be smaller, and may be disregarded, so that dy = 2 x dx, and ~ = 2x, 

a X 


the ratio of the differentials. 

The general rule for differentiation is sometimes expressed thus ; To differentiate any power 
of the variable x , deduct one from the index of the variable, and multiply by the original index, thus 
d (x H ) as n x n * l . The following table includes some general examples of differentiation, it being 
understood that constant multipliers or divisors of a variable quantity remain unchanged by 
differentiation, but that terms added or subtracted disappear. Thus d(nx 9 ) = 3nx*,dx; ana 
d (» + r*) = 3 x % . d x. 

Table op Differential Coefficients. 



The oontents of a square are represented by y = x*, or A B C D, Fig. 753, and by the addition of 
the differential B M = d x, the square is enlarged by two spaces B O and P P = 2 x dx, and by a 

3 uare, d x», which latter we may neglect as we are to consider B M very small, so that by the addition 
dx, the square or y is increased by 2(x dx\ x being the side A B. This graphically illustrates 
the simplest example of differentiation. 
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The tangent to the curve TPQ, Fig. 752, Is determined in direction by the angle PTM = c, 
end when the curve is concave this line is outside, but if it were convex, the tangpnt would be 
inside between the curve and the abadsm-axis. Supposing P Q B to be an infinitely small right- 
angled triangle with the base P R = dx> and BQs^> the angle QPR = P TM = a, and 

tan. Q P B = or tan. a = ~ ; so that the ratio of the differentials d y and dx gives the 
mt a dx 

trigonometnoal tangent of the tangential angle a. The portion of the tangent P T, Fig. 752, is 
generally termed the tangent, and its projection upon the abscissa-axis, or T If , the sub-tangent. 


Therefore, subtan. = P M cot. P T M = y cot. a = y -3. 

That the constant members of a function disappear by differentiation, is better understood from 
consideration of the following example. In the curve A r Q, Fig. 754, P R = dx and R Q = d y ; 
and in the curves A P, Q, and A F Q, Fig, 755, also the corresponding ordinates have definite 
relation to one another, and the relation between the differentials R, Q, = NQ, — MP, and RQ = 
N Q — M P is the same, and will continue so, however many times the diagram may be enlarged or 
diminished with preservation of existing proportions. 

If y = u -f c, or the sum of two variables, dy = u + du + v + dv — (u + c), or d(ti + ©) = du 
+ d v. That is, the differential of the sum of several functions is equal to the sum of the differentials 
of the separate functions. This is shown, Fig. 755, by consideration of the curve APQ. If 
M P = f(x) and PP, s another function of xorf(x) 
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MP, = v = /(*) +/■(*) and dy = R, Q, -=R, 8 + 8 Q, = R Q + SQ, = df(x) 4- df(x ) ; 
because P, 8 can be drawn parallel to P Q, and consequently R, 8 put = R Q and Q 8 = P P,. 

If u and v are the unequal sides of a rectangle, y = u v will represent the area, and d y = (u + du) 
(® + dt?) — uv =m©-4* udv + vdu + -fduda — ua = Mda-fadu-fdwda = ttda4-(a+ dv)du . 
And as d a oorapared to a is indefinitely small, we can put a + d a = a and (a*fda)dw = adtf; also 
t*da + («-l-da)dtt = uda 4 -adt* = d(tta). The differential of the products of two variables is 
equal to the sum of the products of each variable by the differential of the other. 

n 

Similarly it may be found for the differential of a quotient y = -* by putting u = a y, that 


_ . , , j, d u — y d v du — *da, .adu — uda 

du = ady4-yda, and dy = — = or d -. = d • 

If on the coordinate axes, Fig. 756, from the point A, at the distances x = :fc 1 aud y = ± 1 we 
draw the parallels N X, M Y, and the diagonal Z through the point P„ we shall be able by repeating 
this diagram on the throe remaining quadrantal ares around A, to obtain all the curves given by 
the equation y = x\ For every point on the absoissa-axis, y = 0, and for every point on the 
ordinate axis, x « 0 ; for points in N X„ y = ± 1, the sign changing aooording to the position of 
the quadrant, and in M Y lt x = ± 1, 

If x = 1 , y = 1 or — 1 , consequently all these curves pass through a point P, whose ordinates 
are AM = 1 and A N = 1. If n as 1, we have all points in the line A Z. If « is greater than 1, 
oonvex curves are obtained, and if n is less than 1, the curves will be concave. If n is taken as 
variable and is gradually decreased until it = 0, the ordinates approach the value y = a* = 1, and 

the curve approaches the abrupt line A N P, X, ; but if n is increased, y approaches x co = * $ = »» 
and * = y° = 1, the curve approaching AMP, Y,. Ifn = — • 1, y = * and the curve approaches 
the axes but never reaches them, and its curvature is oonvex or concave as a is smaller or greater 
than unity. If n is an entire odd number, y and * have the same sign ; if even, y becomes positive 
for all values of x. 



CALCULUS, 


If in vs x » isan entire odd number, y and as have the same signs, and if a is an entire 

even number, every positive value of x has two equal values for y, one of whioh is positive and the 
other negative, and every negative value of x has y imaginary or impossible. Corresponding 
onrves are found only in the first and 'third quadrants in the first case, and in the first and seoona 
< * Ua 2J an * 8 ** Beoon< * ca8e > approaching as m = oo, the values X t N A and Xj N Y. 

These curves enable us to determine from inspection of any formula involving y = theoourse 
of the curve in the special instance. 

From the formula d (x*) = n " 1 dx, the formula for the tangential angle represented by these 

curves is tan. a = ~ = »*- i , and the subtangent =s y ~ s — - 

ax dy ax* 

When a straight line AO, Fig. 757, cuts the 
abscissa-axis at au angle O A X, represented by a, * T57, 

and lies at a distance 0 K, represented by n from T 

the coordinate ongm 0, the equation of a point m x 0 

this line is v cos. a — x sin. a = n, and Decauso , 

» = M R — M L, M B ac y cos. a and ML = r sin. a. „ X X 

nr p 

When x = 0, y = 0 B = b = and n =s 6 cos. a, 

cos. a * 

and y oos. a — x sin. a = 6 cos. a, or y = 6 + j? > ^ \ y 

tan. a. The lines 0 A and 0 B measuring the dis- h 

tanoes from where the line cuts the axes to their \ ,x‘ \ 

origin, are termed the parameters of the line, and are ‘4 ^ 

usually designated by the letters a and 6. As Aw c at 

C A = — o, tan. a = ^-5- = — - , and the equation of the straight line becomes y = b - - x, or, 

\j a. a a 

- + ?=1 
a T b lm 

A line, which lies at a determinate distance from the origin of coordinates, and to which a 
curve gradually approaches without ever entering into actual coincidence, is tormed the asymptote 
of the curve Borne mathematicians consider the asymptote as the tangent to a point of the curve 
situated at an infinite distance, and under this form the equation admits of easy treatment by the 
calculus. The angle that the tangent makes with the abscissa-axis can be learnt from the rolation 

ten - a = t- and the distance n from » = y oos. a x — sin. a = (y — x tan. a) oos. a — . — = 

dx dy J 1+Ctan .a? 

^ X dx , 

~ y Ydv \ » * w ^ en va ^ ue °f * i* substituted and y put = od. In order that the oonvorse 

may hold good, or that a tangent to an infinitely distant point may be an asymptote, when x or y 
= oo, y = tan a, or y cos. a — x must not become Infinitely great. In the curves, Fig. 756, tho 
abscissa-axis represents the conditions of tan a = oo and n = 0, and the ordinate axis, tan. a = 0 
and n = 0 ; and these axeB are therefore asymptotes to the curve of the equation y = x ~ *. 

The greatest value of the calculuB to the engineer consists m tho aid it affords, in tho deter- 
mination of cases ot maxima and minima, as well as in learning at what point changes of condition 
occur After Btatmg the principle, a few examples will illustrate the subject sufficiently to place 
m the hands ot any ordinary algebraist a tool, the value of which he can at once ascertain for 
himself. 

If successive values of * be substituted in the ratio of the differentials ~ which, it has been 

dx 

seen, is the formula for the tangent of the tangential angle, all the positions of the tangent to the 
corresponding curve are obtained. When x = 0, the tangent of the angle at the origin of the co- 
ordinates is obtained, and when x = oo the tangent of the angle for an infinitely distant point. 
By determining where the tangent to the curve runs parallel to either of the coordinate axes, because 
then one or other of the coordinates * or y have tneir greatest or least value, the maximum or 
minimum value of x or y is obtained. When the curve is parallel to the abscissa-axis, a = 0, and 
tan. a = 0 ; when parallel to the ordinate axis, a = 90° or tan. o = oo. Hence the following rule ; — 
To find the value of x corresponding to the maximum or minimum of y, put the ratio of the 

differentials ~~ = 0, or = oo, and resolve the resulting equation with regard to x. 

The equation of the curve, Fig. 7 58, is y = 6* — 4$. a?* -f x*, and 


~ - 6 - 9x + 3*» = 3(2 - 3z + v?) = 3(1 - x) (2 - sc). 
dy 

Patting ~ = 0, 1 — x = 0, and 2 — x = 0, or x = l and 2 = 2. Substituting these values in the 

foregoing formula for y, the maximum value ofyorMPis = 6 — 4| •+■ 1 = 21, and the Ttiinimnm 
value N Q = 12 — 18 + 8 = 2. 

When a curve is convex to the abscissa-axis, the differential of the tangential angle is positive ; 
when concave, the differential is negative, and when the differential of tangential angle = 0, there 
is a chang e of curvature in the curve, and the ordinate at this point is neither at a maximum nor at 
a minimum.* 
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This refers to the differential of ten. a, and as ten. a, the expression becomes d (tan. a) or & 

( ax 

or to the differential of a differential ratio, termed by mathematicians the second differential. 

The obtaining of differentials of higher order than the first, or successive differentiation, as it is 
termed, will be presently explained. 

Pig. 759 illustrates a curve with a point of iuflexion or change of curvature, and Fig. 760 a 
curve of converse character. 



As an example of the application of the calculus to the determination of the conditions of 
obtaining a maximum, let it bo required to learn the dimensions of a cylinder, which for a given 
contents v has the smallest surface 8. Denoting the diameter of the base of the cylinder by x 

and the height by y, the contents V = ~ y, The surface or the area of the ends added to that of 

the cylindrical surface, 

a 2irx * , 

8 = —— +■ x x y. 

The first equation V = ? x 9 y gives 

* 4 Y 

xy — — j- or x xy = 4 V x “ 

Substituting this value of xxy, 

X X * 

8= ^+4V*-». 


8 and x may be treated as coordinates of a point in a curvo, and then 


Equating this to 0, 


tan. a = — = — 4Vx- 8 . 

dx 

4 V . A XT 

x x = — or x x* = 4 V. 


This equation carried out with regard to as, gives t 




and the second differential or 


^ d x, being positive, this value satisfies the minimum conditions, or the height 
must l>e made equal to the width. 

As another illustration, let it be required to learn the dimensions of a cylindrical vessel which 
for a given contents will need the smallest amount of material. From the preceding, 


IT 

8 = ^ +4V*-\ 

and from this 

XX AV 
2 ® ** ’ 

whence 

andy = Jx, 
ir 

or the height must be only one-half the width. 

As a practical example, let it be required to find when the strain is at a maximum in a lattice 
girder. Let W be the weight distributed ; 8 the strain at centre of top and bottom flanges; L the 
length of bearing of girder, or otherwise the span ; D the effective depth of girder; and ® the dis- 
tance of any point from the abutment. The formula given for 8 is 

w 

- Uj- is a constant multiplier in all cases, and we may substitute for it the letter a. 

Then S =* a (L x — »*). 
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Differentiating, 

~ L X 1- " 1 — 2 a = a L — 2 a jp. 
d® = a 

Fatting this =0, 2ax=aL,or2® = L,or® = ^orat half the span. Since the second differential, 

or differential of a L — 2 a ® is — 2 ®, or is negative, S is in this case at a maximum. 

Again, in any girder, whether straight, curved, continuous, nr not, if the bending moment at any 
point be expressed as a function of the variable x, the shearing force at the same point is expressed 
by the differential coefficient (ratio) of this funotion. 

Thus, the bending moment being expressed by B = W (2 a x — **), the shearing force will bo 

= W(2a-2x) = 2W(a-x). 


Succcsstve Differentiation — By differentiating a first differential d, a second differential is obtained. 

d(p\ 

Thus, representing the first coefficient by — , the second becomes -- - - or and os a third 

dx dx dx % 

4— v ) 

V d ocP / cP fj 

result there is obtained — or , • In those examples, d* y, d* y, the indices are only 

symbols of the successive differentiation as regards the numerator, but iu the denominators the 
index denotes the actual power of x . 

I ~ = 3 a x*, = 6 a ®. 
dx dx* 

And if y = a r , 

then jf = »"g- , « • «' i = (,0g ' • ' ^ •’ = (1 ° g - * a) ‘ ar; j0* = (1 " g ’ ‘ “ J< 0t °- 

if y = log* e 


, etc. 


then-^-L* 1*2.3 d 5 y M 3* 

dx x * dx* x *’ dx* x* ' dx 4 x 4 * dx* x* 

If y = sin. ar, 

then -j - = 4* cos. x ; — = — sin. x ; = — cos. x ; = 4- sin. x ; ~ ^ = 4* cos. x, etc. 

dx dx dx* dx 4 dx # 

If m be the number of times of successive differentiation, the following tablo will give the series 
that may be developed , — 


ify = 


d m y _ 
dx* “ 


x" 

x _ " 

X x 

sin n* 
log. x 
1 4- x 
l“x 


n (n — 1) . . . .[* — (/» — 1)] x* ~ " 

(- l)*»(n 4* 1) • * . . fi + (m-l)x-(«+*> 
(log « <*) m a x 
n* sin (n x 4- J m w) 

(m — 1) (m — 2> . . . .3. 2. lx-* 

2 (1 — x)“ * + l m (w — 1) (w — 2) . . . .3.2.1 


If y be a function of x which it is possible to develop into a series of ascending powers of x, and 
let A bo any indeterminate quantity, then y = A + Ba? + 0** + D»*+ K*c 4 ) etc. When x 
becomes by a small increment x + A, y becomes y 1 and 


y* = y + -rr * + ^ v 


dx 


dx* I 


A* d*y 
,2 + dx* 


A* 


d 4 y 


H* 


1 .2.3 dx* 1.2. 3. 4 


4* etc, 


which is Taylor's theorem ; or 
dx 


T 1 . 2 \dx*/ 


«* + 


1.2.3 



x* 4* 


which is Maclaurin’s theorem. 

The value of the differential calculus, in this branch of mathematics, is not so apparent to the 
practical but to the algebraist the saving of labour will be at once evident 

fntegraUonjsr- The ordinates, Fig. 761, may be considered as consisting of an indefinite or infinite 
number of dements, not necessarily equal, because of their smallness, F B, G 0, HD, KB, oorre- 
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spending to the equal differentials dx = AP = F L, eta, and whoa dy a f(x)dx f y oan be deter- 
mined by summing all the values of d y, obtained by substituting successively inf(x\ dxtorx f dx, 
2da t Ac., to as or. This summation is the process of integration, and is designated by the sign 
J* 9 summa, placed before the general expression 
of the differential the sum of which is to be 


taken. Thus for y = [/ (d x) + /(2 d x) + 

Z dx) + .... f(xy]dx 9 « written, y ss 

r (a?) d os i and y is termed the integral. The 

gral is sometimes to be obtained by sum- 
ming up the series, but the simpler proceeding 
is to employ one of the rules of the integral 
calculus. 

Lot n be the number of differentials d x con- 
tained in x % then x = ndx , or d x = and 


A 


A 


M 


//<•>- - [/© ♦/<¥) +/©)♦•••• +'(“)];*• 


For the differential dy ss ax dx, 

y szj*ax dx as adx{dx + 2 da? 4- 3 da? + ....+nda?) = (1 + 2 + 3 + + ») ad«*. 

When the number of terms n is infinite, the rules of the summation series show that for 
1 +2 + 8 + 4 + 5. . . . + » = Jn*andda* = y =faxdx = in’a£ = - j 


Whenoe the rule for integration Add one to the index of the variable, and divide by the 

index thus increased. The general formula for the rule is fx n dx = - * - . Thus f$ax*dx= s 

8ax*+ 1 

— - ss a xr. 

3 

A oonstant factor or divisor may be removed from the process of integration, thus 

f bdx =&/ dx. 


An additive or subtractive term must reappear in integration in the form of an arbitrary con- 
stant, thus f3x 3 dx = x* + c. 

The signs of integration and differentiation neutralize one another, so that f dx = x. 

These rulos are clearly the oonverse of those given for differentiation. 

When the oonstant c cannot be determined by mere integration, the process gives only an inde- 
finite integral ; and in order to find the value of the constant, two of the corresponding values of x 
and y = J f{x)dx must be found. If for x = /, y = m, and y f f(x) dx = o + f l (ar), then m = c + 
p (/), and y — m = f 1 (x) — p (t), and the constant x = m — f l (l). 

The determination of the oonstant leaves the integral still indefinite, for any value of x oan be 
assumed. If the definite value m, of the integral corresponding to the definite value /, of x } is 
required, this value must be substituted in the integral already found, or m, = m -f p (/,) — p (/> 

/ <p3 

xdx = — gives for x = 1, y = 3, the oonstant c = 3 — } = 
/• x ® 5 x 

2} ; therefore the integral y « J = c + — = --- • ; and for x = 5, y = 15. 

But the value of a; for which y booomes equal to zero is generally known, and in that case 
K = O ; so that any indefinite integral of the form / / (x) d x = p (a?) gives the definite form 
m, =5 p (/,) — f l (/,). This can also be found by substituting in the expression for the function of a? in 
the indefinite integral the two given limits, and / of #, and by subtracting tbe values found from 
one another. The process is represented symbolically by 


|^ 1 /(*)<**, so that if f nx)dx= iSi f(x)dx = 




The oonverse of one of the foregoing differential formulae shows that the integral of the sum of 
several differentials, is equal to the Bum of the integrals of each of the differentials. 

The differentials of the trigonometrical functions already tabulated will be explained by con- 
sideration of Fig. 762, in which 

C A = OP = OQ = radius » 1, the arc A P = x ; PQ as dx ; P M, = sin. x; CM = cos. x ; AS 
ss tan. x, OQs=NQ — MP = sin. (x + dx) — sin. x = a sin. x; 0P = ~ (ON — CM)= — oos. 
(x + dx) + oos. x as — d oos. x t and ST = AT — AS = tan. (x + dx) — tan. x — d tan. #. 

The influence of errors in the arc or angle upon the sine increases as cos. x becomes greater, or 
as the arc or angle is smaller, while on the contrary the influence upon the cosine? increases with 
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inereaee of the doe, or the neater the are approaches to ~ ! The differential of the oosine has the 

opposite sign from that of the arc, for increase of x, corresponds to a decrease of oos. and vioe 
\ m$i* Inversion of the differential formula will therefore give the integral, thus 


^ oos. x dx = i 



= tan. x, 


By integrating the differential d (uv)zzudv + vdu there results ut> = J u d v + f vdu , and 
the folfowing formula is obtained ; f vdu = ut> -*■ / udv, known as integrating by parts. This 
rule is always applicable if the integral / vdu is unknown, and integral f udv is known. 



Every integral of the form f ydx es f f{x)dx may bo put equal to the area of a snrfaco 8, con- 
sequently if the integration cannot bo effected by known rules, it can bo arrived at with sufficient 
approximation for practical purposes by well-known geometrical dovicos. Indeed, the integration of 
areas, although an operation frequently involving intense thought to the mathematician, is per- 
formed by the practical man geometrically without the least reference to the calculus, a sufficient 
reason for the preference generally shown to geometrical over analytical investigations m the 
calculus. 

In order to find the area of a surfaoe, Fig. 763, having a base MN = i, and divided by an unoven 

number of ordinates y OT y„ y a y» into an even number of strips, we have Simpson’B rule. 

The formula for the area of a surfaoe divided m n strips is 

S = [y« + y« 4* 4 (y x + y % + . . . . + y»- 1 ) + 2 (y s + y 4 + . , . + y% -a)] 

and the mean height is 

y»-fr y»+ *(yi + yg + • > * . + y»-0 + 2(y, + y 4 + . . . + y,. -a) 

V ~ 8 n 

in which » must be an even number. 

^ (x) dx, if x =s 

l t — / be divided into an even (n) number of parts. The ordinates 

y. ■ *(D; y> = ♦ (* + ;) ; y» = * (* + ; y. = *(i + ^7) 

are to be calculated up to y* = 4> (x), and these values substituted in the formula 

pi Pi 

J ydx si I p (x)dx = 

[».+ f. + * (Si + y. + • • • + y.-0 + 2 (y, + y, + . . . + y»-0] 

The rectification of a curve, or the deduction, from its equation y = fix) between the co- 
ordinates AM = x and MP = y, Fig. 752, of an equation between the arc A P = t and one of the 
ooordinato, 1# performed by determining the differential of the arc A P of the curve, and then 


This formula oan be used for the determination of an integral 
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taking it# integral. By Pytha goras* theo rem ds* = dx*«f d y* and da^ Jdafl ^ dy*,henoe the 
aero of the curve itself is #= f JdaP + dy* . 

The perpendicular to the tangent P T, Fig. 764, is normal also to the curve at the tangent point, 
because the tangent gives the direction of the curve at this point. That port of the line P O 
between the tangent point and the abscissa -axis is termed the normal, and tne projection M O of 
this line on the abscissa-axis the sub-normal. Because the angles MPO and P T M are identical, 

MO-MP. tan. a, and the sub-normal y tan. a =. • 

a x 

If to a point Q infinitely near the point P another normal Q 0 be drawn, these lines intersect 
in the centre 0 of a circle, which is termed thedrole of curvature, and these normals, that is those 
parts of them between the circle and the centre, are termed the radii of curvature. The circle 
itself is termed the osculatory circle. 

Denoting the radius 0 r = 0 Q by the letter r, the aro A P of the curve by s, and the 
tangential angle PTM by a, since PQ = CP x arc of angle PCQ, d*=s — rd«, and the radius 

da 

of curvature, consequently r = - . 


a can be determined from the equation of the coordinates by putting tan. a = ^ ; and as 

ax 

da d x d txP 

d tan. a = — r-> and cos. a = -r-, da — cos.* a x d tan. a = — t x d tan. o ; and 
oos.* a da da* 


ds da? 

~ cos.* a x d tan. a ~ dx* xd tan. a* 
When the curve is oonvex, 

- 4. li- 4. ii* 

r ^ da dx? + d tan. a 9 


whilst for a point of inflexion r = 00 . 

The coordinates AO = w and O C = v of the centre of curvature aro given by 


and 


m = AM + HO = » + CP sin. C P H or x + r sin. a , 
r = 00 = MP - HP = y - C P 00 s. C P H or y - r cos. a . 


784. 785. 




The lino or curve formed by these centres of ourvature is termed the evolute of the curve A P. 
If in a surface M 0 M, P, P 0 , Fig. 765, thore are given the four coordinates M 0 P 0 = y 0 to 
M s P, = y„ all equidistant from one another, the surface may be calculated in a very simple 
manner. 

Denoting the base by x t or M ? M a , three equidistant ordinates z x x % z % are to be interpolated 
between y 0 and y a . The surface 8 then 


= (i V\ + 1 1 + ** + H + i y«) Y’ ^ut 


*1 + *2 4- x t _ Vi ~H Vt 
3 2 


and 


8 = [V, + 3 (l/i + y.) + y,] j and y» = 


y. + 8 (y, + y.) + y, 
8 ' 


This formula can bo employed when the surface is divided into an uneven number of strips, 
the foregoing formula for y m applying to an even number. So that if y 0 = <t> (f ) ; y 1 = ♦ ; 

y 9 ^ + . ^<1 y # s <p (/,) are four known or given values of y = (a?), 

8 


J't'ydas s J^ 1 $(x)dx approximately = [y # + 8^ + yt) + yj^p. 

The following table represents a number of integrals with their ultimate fonft, and will be 


calculus: S8f 


Itamd trf the utmost Use in reducing integrals which may be arriTed at in practice, or in suggesting 
methods of redaction; — 




The multiplication of more intricate forms is useless, since it is far preferable to determine such 
questions geometrically, than to run the risk of miscalculation or clerical error. 

Sufficient has been said upon this subject to enable those requiring further information to refer 
to the works of Todhuuter, lioule, and De Morgan. 

Various machines have been from time to time devised, for the purpose of ascertaining 
approximations to forms, that cannot be integrated analytically without immonse labour K 

The most important of these apparatus is that devised by Wm. Thomson. of Glasgow Univemitv 
and described in the Proceedings of the Royal Society, 1876. * K university, 

The kinematic principle for integrating ydx, which is used in the instruments known as 
Morin’s dynamometer and Bang’s planimeter, involves one element of imperfection. This 
imj>erfection consists in the sliding action, which the edge wheel or rollor is required to take 
in conjunction with its rotling action, which alone is desirable for exact communication of motion 
from the disc or cone to the edge roller. Amsler’s polar planimeter, although different in its 
main features of principle, and mode of action, from the instruments just referred to, ranks with 
them in involving the like impel fection, or requiring to have a sidewise sliding action of its edge 
rolling wheel, besides the desirable rolling action on the surface, which imparts to it its revolving 
motion, a surface which in this case is not a disc or cone, but is the surface of the paper, or any 
other plane face, on which the map or other plane diagram to be evaluated in area is drawn * 

Clerk Maxwell succeeded in devising a new form of planimeter, or integrating machine with a 
kinematic action depending on the mutual rolling of two equal spheres, each on the other and also 
offered a suggestion, proposing the attainment of the desired conditions of action, by the mutual 
rolling of a cone and cylinder with their axes at right angles. 

The idea of using pure rolling, instead of combined rolling and slipping, was extended by 
Thomson, who succeeded in devising a new kinematic method, capable of being introduced and 
combined in several ways to produce important results. 

Tho new principle consists primarily in the transmission of motion from a disc or cono 
Figs. 766 and 767, to a cylinder, by the intervention of a loose ball, which presses by its gravity 
on the disc and cylinder, or on the cone and cylinder, ® J 

as the case may be, the pressure being sufficient to give 767 . 

the necessary frictional coherence at each point of rolling 
contact ; and the axis of the disc or cone and that of the 
cylinder, being both held fixed in position by bearings £ 
in stationary framework, and the arrangement of these ( 
axes being snch, that when the disc or the cone and the , 
cylinder are kept steady, or without rotation on their 
axes, the ball can roll along them in contact with both, so 
that the point of rolling contact between the ball mid the cylinder, shall traverse a straight lino 
on the cylindric surface, parallel, necessarily, to the axis of tho Cylinder; and so that, in the case of 
a disc being used, the point of rolling contact of the ball with the disc, shall traverse a straight 
lino passing through the centre of the disc, or that in case of a cone being used, the line of rolling 
contact of the ball on the cone shall traverse a straight line on the oonioal surface, directed neces- 
sarily towards the vertex of the cone. It will thus readily be seen that, whether the cylinder 
and the disc or cone be at rest, or revolving on their axes, the two lines of rolling contact of the 
ball, one on the cylindric surface and the other on the disc or cone, when both are considered as 
lines traced out in space fixed relatively to the framing of the whole instrument, will bo two 
parallel straight lines, and that the line of motion of the hall’s centre will be straight and parallel 
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to thorn. Far feoilitathig explanations, the motion of the centre of the bell Along lie path parallel * 
to the exit of the cylinder, may be called the ball's longitudinal motion. 

For the integration of y ax, the distance of the point of contact of the ball with the disc oar 
oone, from the centre of the disc or vertex of the cone in the ball’s longitudinal motion, is to represent 
y, while the angular space turned by the disc or cone from any initial position represents x ; and 
then the angular space turned by the ovlinder will, when multiplied by a suitable constant 
numerical coefficient, express the integral in terms of any required unit for its evaluation. 

The longitudinal motion may be imparted to the ball, hj having (he framing of the whole 
Instrument so placed that, the lines of longitudinal motion of the two points of contact and of the 
ball's centre, which are three straight lines mutually parallel, shall be inclined to the horizontal, 
sufficiently to make the ball tend decidedly to descend along the line of its longitudinal motion, 
and then regulating its motion by an abutting controller, which may have at its point of contact, 
where it presses on the ball, a plane face perpendicular to the line of the ball’s motion. Otherwise 
the longitudinal motion may, for some oases, preferably be imparted to the ball by having the 
direction of that motion horizontal, and having two controlling flat faces acting in dose oontact, 
without tightness, at opposite extremities of the ball’s diameter, which at any moment is in the line 
of the balrs motion, or is parallel to the axis of the cylinder. 

It is worthy of notice that, in the case of the disc, ball, and cylinder integrator, no theoretical 
nor important practical fault in the action of the instrument would be involved in any deficiency 
of perfect exactitude, in the practical accomplishment of the desired condition, that the line of 
motion of the ball’s point of oontact with the disc should pass through the centre of the disc. 

The plane of the disc may suitably be placed inclined to the horizontal at some such angle as 
45°. An additional operation, important for some purposes, is effected as suggested by W. Thomson, 
by arranging that the machine shall give a continuous record of the growth of the integral, by 
introducing additional mechanisms suitable for oontmually describing a curve such that, for each 
point of it, the abscissa shall represent the value of x, and the ordmate shall represent the integral 
attained from x = 0 forward to that value of x. This is effected in practice by having a cylinder 
axised on the axis of the disc, a roll of paper covering this cylinders surface, and a straight bar 
situated parallel to this cylinder’s axis, and resting with enough of pressure on the surface of the 
primary registering or the indicating cylinder, which is actuated by its contact with the ball to 
make it have sufficient frictional ooherenoe with that surface, and having this bar made to carry a 
pencil, or other tracing point, marking the desired curve on the secondary registering or the reoordmg 
cylinder. As from the nature of the apparatus, the axis of the diso and of the seoondary registering 
or the recording cylinder, ought to be steeply inclined to the horizontal, and as, therefore, this bar, 
carrying the pencil, has the line of its length and of its motion alike steeply inclined with that axis, 
it is advisable to have a thread attached to the bar and extending off in the line of tho bar to a 
pulley, passing over the pulley, and having suspended at its other end a weight which will be just 
sufficient to oounteraot the tendency of the rod, in virtue of gravity, to glide down along the lme of 
its own slope, so as to leave it perfectly free to be moved up or down, by tho frictional coherenoe 
between itself and the moving surface of tho indicating cylinder, worked directly by the ball. 

To calculate JV (x) (x) d x, the rotating disc is to be displaced from a zero or initial position, 
through an angle equal to f* tf> (x) d x, while the rolling globe is moved so as always to be at a 
distanoe from Its zero position equal to \ \ (a?). This being done, the cylinder obviously turns through 
an angle oquol to J" <f> (x) $ (x) d x , and thus solves the problem. 

One way of giving the required motions to the rotating diso and rolling globe is as follows ; — 

On two pieoes of paper draw the curves y = f* Q (as) d x, and y = i p(x). Attach these pieces of 
paper to the circumference of two circular cylinders, or to different parts of the circumference of one 
cylinder, with the axis of x in each in the direction perpendicular to the axis of the cylinder. Let 
tine two cylinders be geared together, so that their circumference shall move with equal velocities. 
Attached to the framework let there do, closo to the circumference of each cylinder, a slide or guide* 
rod toguide a movable point, moved by the hand of an operator, so as always to touch the ourve on 
the surface of the oylinaer, while the two cylinders are moved round. 

Two operators will be required, as one operator could not move the two points so as to fulfil this 
oondition, unless the motion were very slow. One of these points, by proper mechanism, gives an 
angular motion to the rotating diso equal to its own linear motion, the other gives a linear motion 
equal to itsown to the oentre of the rolling globe. 

The machine thus described is immediately applicable to calculate the valuos H„ BL H„ etc, 
of the harmonic constituents of a funotion ^ (x) in the generalization of Fourier’s simple narmonio 
analysis, in the oonduotion of heat in the sphere and the cylinder. Thus if 
^(«) = Hj fa (*) + Hg (p t (a?) + ~ *f etc. 

be the expression for an arbitrary function if as, in terms of the generalized harmonic functions 
ft (*)• ft w$ ft W» etc., these functions being such that 

/i ♦»(*)*« (*)<** = °i /',♦><*) *•(*)<** * 0,/; ♦,(*)♦,(*) = 0, eto., 

/'♦.<*>+(*)<** 

H' a • • ■ " > 


, eto. 


ft ♦»<*)+(*)** 

/h* (*>}’** 
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In the physical applications of this theory, the integrals which constitute the denominators of 
the formula for H x , H„ etc , are always to be evaluated m finite terms, by an extension of Fourier's 

formula for/* x u* dx of his problem of the cylinder. The integrals m the numerators are 

calculated with great ease by aid of the machine worked m the manner described above 

The great practical use of this machine is to perform the simple harmonic Fonutr-annlysis for 
tidal, meteorological, and perhaps even astronomical observations It is th e case in which 


2 1 <jf 

and the integration is performed through a rango equal to , t any integor, that gives this 

n 

application. In tins cose the addition of a simple crank mechanism, to give a simplo harmonic 

angular motion to the rotating disc m the proper period — — when tho cylimlor bearing the curve 

y ss tff(x) moves uniformly, supersedes tho necessity for a cylinder with tho curvo v = <f> (#) tracod 
on it, ana an operator keeping a point always on this curve m tho mannei disci lbtel aliovo 

The accuracy of the apparatus will depend essentially on the accuracy of tho euculur cylinder, 
of the globe, and of the piano of the rotating disc usod in it For each of tho three surfaces a 
much less elaborate application of the method of scraping than that by which Wlutwoith lias gwn 
a true plane with such marvellous accuracy, suffices for the practical roqunements of the instrument 
now proposed 

Every linear differential equation of tho second older may bo roducod to tho form 


d / 1 du\ 

~d~x (p J 7/ ~ U 


( 1 ) 


where P is any given function of x 

On account of tho great importance of this equation m mathematical phjsns in < stimating tho 
vibrations of a non uniform stietched cord, of a hanging chain, of \\at< r in a canal ot non niuiorm 
breadth and depth, of air in a pipe of non-uniform sectional art a, conduction of lu at along a Imi of 
non-uniform section or non uniiorm conductivity, or Laplace s diftcrential equation of tho tide s, its 
practical solution without lubour has long been sought 

Methods of calcuhition such os those usi d by Laplace aro vory labonous, too laborious unit ss a 
serious object is to bo attaiued by calculating out results with minute accuracy 11ns is done with 
tho integrator , for if 

«.=/>(0 — «, ( i s ) < 1 J 


“a =/o r (C- /»«, <h)dx, 
etc , 


( 2 ) 


where «| is any function of t, to begin with, as for oxamplo «, = x then u 2 , et< , art sumssivo 
approximations conveigmg to that one of the solutions oi (1) which vanishes wht n x ~ 0 I » t tJio 
integrator be applied to find 0 — /«,(?/, and let its lesult fad, oh it weio, continuously a 
second machine, whit li shall find the integr il of tho pr uluct of its ri suit V l r 'I hi hi oond machine 
will give out continuously the value of u„ Use again the same prutss with n t instead ot ?q and 
then and so on 

After thus altering os it were, u, into u n hj passing it through tin machine, thin »/ 2 into t , by 
a second passage through tin madam, and so on, the thing will as it wtrt l*n me n niu d into a 
solution which will be moio and mort neaily ngoiously correct the oftemr we pass it through the 
machmo It u t + x docs not sensibly differ liom « then tadi is sensibly a solution 

Compel agree ment between tho tunction fed into thi double machine, nml that give n out by it 
This ib to bo done by establishing a connection winch shall cause the motion ot the centre ol tho 
globe of the first integrator of the double machine, to be the sumo as that of the sin hu oof 
the second integrator s cylinder 1 ho motion of each will thus be Tie ctHsarily a sc lut u n < f (1 ) 
Take two integrators, and connect tho fork which guides tho motion ot tho glol>c of each ot tho 
integrators, by proper mechanical means, with the circumference of the other integrator’s cylindt r 
Then move one integrator’s disc through an angle = x, and simultaneously move tho other 

integrators disc through an angle always = /* P d x, a given function of x, The circumference 
of the second integrator's cylinder, and the centre of the first integrator s globe, move each of them 
through a space which satisfies the differential equation (1) 

To prove tins, let at any time /,, g t be the displacements of the centres of the two globes from 
the axicd lines of the discs, and let d x, Vds be infinitesimal angles turned through by the two 
discs. The infinitesimal motions produced in the circumference of two cylinders will be 

g x d x and g 9 P d x 


But tho connections pull the second and first globes through spaces, respectively equal to those 
moved through by the circumferences of the first and second cylinders. Hence 


and eliminating g„ 


g t dx ss dg 9> andy,Ptfx = dg x , 


JL - 

dx \P dx) ~ 


t/v 


which shows tSat g x put for u satisfies the differential equation (1) 
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The machine gives the complete integral of the equation with its two arbitrary constants. For, 
for any particular value of x 9 give arbitrary values G„ G*. That is to say mechanically ; dis- 
connect the forks from the cylinders, shift the forks till the globes' centres are at distances G lf G s 
from the axial lines, then connect, and move the machine. For this value of x, 


<7, =G., and ~ = Q, P ; 


tliat is, arbitraiy values for g x and 


d Jb 

dx 


are secured by the arbitrariness of the two initial positions 


G„ O t of the globes. 

The instrument can also be applied to tho mechanical integration of the general linear 
differential equation of any order with variable coefficients, by taking any number t of integrators, 
and making an integrating chain of them. 

Until it is desired actually to construct a machine for thus integrating differential equations of 
the third or any higher order, it is not n< cessnry to go into details as to planB for mechanical 
fulfilment of condition (7); it is enough to know that it can be fulfilled by pure mechanism, 
working continuously in connection with the rotating discs of tho train ot integrators. 

But tho integrator may bo applied to integrate any differential equation of any order. Let 
there be % simple integrators; let x,, g lt k x bo the displacements of disc, globe, and cylinder of the 
first, and so on for tho others. Then 


<Ji 


d K, d Ko 

dl,’ ~ 17,’ 


and by proper mechanism establish such relations between 


<7i, K i> r 7 0v ©*©., that fto (x n g x k v x 2 , . . .) = 0, etc. 

Thus 2/ — 1 simultaneous equations arc solved. 

By constructing in stool, as a cam, tho surface whose equation is x = £/((* + n 2 )> and repetitions 
of it, for practical convenience, wo have a complete mechanical integration of .the pioblem of 
finding tho free motions of any number of mutually influencing particles, one of the most difficult 
mathematical probloms. 

CANALS. 

In treating of their construction, canals may bo classified in three divisions. 

Level canals, or ditch canals, consisting of one reach or pond, which is at tho same level 
throughout. Tho most economical course is one which nearly follows a contour lino, except where 
opportunities occur of crossing a ndgo or a valley to avoid a long circuit. 

Lateral canals, which connect two plucos in tho same valley, and in which there is no summit 
level, the full taking place in one direction only. A lateral canal is divided into a series of level 
rt aches or ponds, connected by sudden ebangts of level, at which theio are locks. The lift of a 
single lock ranges from 2 fi. to 12 ft., and is most commonly 8 oi 9 ft. hack level reach is laid out 
on the sumo principles with a level canal In fixing tho lengths of tho reaches and the positions 
of the locks, economy of water is promoted by distributing a given fall amongri single locks with 
reaehcH between them, rutin r than concentrating the whole fall at one flight of locks. 

Canals with summits have to be laid out with a new to economy of works at the passes between 
one valley and another, aud with a view also to the obtaining of sufficient supplies of water at the 
summit reaches. 

An onen river is one in which tho water is left to take a continuous declivity, uninterrupted by 
weirs. The towing path required, if horse-haulage is to be employed, is similai to that of a canal. 
The effect of tho current of tho stream on the load which one horse is able to draw against it at a walk, 

may be roughly estimated as load drawn against current = load drawn in still water x 

v being tho velocity of the current in foot a socond. 

A canalized river is one in which a series of ponds or reaches, witli a greater depth of water 
and a slower cuiront than the river in its natural state, have been produced by means of weirs. 
Kadi weir on a navigable river requires to bo traversed by a lock for tho passage of vessels, the 
most eon ven ient place tor which is usually near one end of the weir, next tho towing-path bank. 
Bivtr looks differ from canal locks in huving no lift- wall, so that the head-gates and tail-gates are 
of equal height 

Although short portions of a canal may be wide enough for the passage of one boat only, the 
general width ought to be sufficient to allow two boats to pass each other easily. The dt pth of 
water, aud sectional area of waterway, should be such as not to cause any material increase of the 
resistance to the motion of the boat, beyond what it would encounter in open water. Tho following 
are the genorol rules which fulfil these conditions; — 

The least breadth at bottom to be twice the greatest breadth of a boat, the least depth of water 
to be ono and a half time the greatest draught of a boat, the least area of waterway to be six times 
tho greatest midship section of a boat The bottom of the waterway is flat. The sides, when of 
earth, should not be steeper than 1$ to 1 ; when of masonry, they may be vertical ; but in the case 
of vertical sides, about 2 ft additional width at the bottom must be given to enable boats to dear 
each other, and if the length traversed between vertical sides is great, as much more additional 
width os may be necessary in order to give sufficient stctionul area. 

The dimensions of canal boats have been fixed with a view to horse-haulage. The most 
economical use of horse-power on a canal is to draw heavy boats at low speeds. The heaviest boat 
that one horse can draw at a speed of from 2 to 2} miles an hour, weighs, with fts cargo, about 
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105 tons, is about 70 ft. long and 12 ft. broad, and draws about 4} ft. of water when fully loaded. 
Smaller boats which a horse can draw at 3| or 4 miles an hour, are of about the same length, 6 or 
7 ft broad, and draw about 2} ft of water. 

The following are examples of the extreme and ordinary dimensions of canals, as given by 
Bankine; — 



Breadth at 

Breadth at 

Depth of 


Bottom. 

Top Water. 

Water* 


ft 

ft. 

ft. 

Small canal 

12 

24 

4 

Ordinary canal 

25 

40 

5 

Large canal 

50 

no 

20 


The width of the embankment which carries the towing path is usually al>out 12 ft. at tho 
top ; that of the opposite embankment at loast 4 ft , and sometimes 6 it. Each embaukmont should 
have a vertical puddle wall in its centre from 2 to 3 it. thick. 

The surface of the towing patli is usually alniut 2 ft. abovo tho water level. It is made to slope 
slightly in a direction away from the caniil, in order to give a better foothold for the horses, as they 
draw in an oblique direction. The slopes may lie pitched with diy stone from ti to 9 m. thick. 

Leaks m canuls may sometimes bo stopped by shaking loose saud, clay, lime, or chaff into the 
water. Tho particles are cairied into the leaks, which they eventually choke by accumulation. 

To save time and water expended in slutting boats from one level to another by means of locks, 
inclined planes arc used on some canals. The general arrangement is that the upper mul lower 
reach of tho canal, at the places which arc to be connected by inclined planes, are deepened suffi- 
ciently to admit of the introduction of water-tight iron caissons, or movable tanks, under tho bouts. 
Two parallel lines of mils start from the liottom of the lower reach, ascend an inclined piano up to 
a summit a little abovo the water level of the upper reach, and then descc ml down a short inclined 
plane to the bottom of the upper reach. There ure two caissons, or movable tanks on wheels, 
each holding water enough to float a boat. One of thise caissons runs on each line of mils ; and 
they aie so connected, by means of a chain, or of a wire rope, running on movable pulleys, that 
when one descends the other aset nds. These caissons 1 m lance each oilier at nil times when both 
are ou the long incline, btcauso the boats, light or heavy, which they contain, displace exactly 
their own weight of water. There ih a short period when both caissons are in the act of coming 
out of the wat» r, one at the upper and one at the lower reach, when tho balance is not maintained ; 
and in order to supply tho power roquin d at that time, and to overcome iriction, a steam engine 
drives the mam pulley, as in the case of fixed engine planes on railways 

Boats may bo hauhd up on wheedl'd cmdl< s without using caissons; but this requires a greater 
expenditure of power. Grahamo has proposed a method which would < nable a fixed engine to ho 
dispensed with where steamboats are used. It consists m providing tath steamer with a windlass, 
driven by its engine, and the inclined plane simply with a rope, wIiomj upper end is made last wlnlo 
its lower end is loose. The boat is floated on to the cradle at the lxittom of the plane ; the looso 
end of the rope is laid hold of and attached to the windlass, which, bung driven by the engine, 
causes the boat to haul itself up the inclined piano. 

Canals are supplied with water from gathering-grounds, springs, rivers, and wells, by the aid of 
reservoirs and conduits ; and their supply involves the questions of ramtalJ, demand, compensation, 
already treated of m this Dictionary. 

The amount of water required may be estimated to include — 

Waste of water by leakage of the channel, repairs, and evaporation a day = area of surface of 
the canal x 4 of a foot nearly. Current from the higlu r towards the lower r< aches, produced by 
leakage at the lock gates, a day, from 10,000 to 20,000 cubic ft. in ordinary cases. Lockage, or 
expenditure of water m passing boats from one level to another. 

Let L denote a lockful af water; that is, the volume contained in the lock clumber, between 
the upper and lower water-hvds. B, the volume displaced by a boat. Then the quantilns of 
water discharged from the upper pond, at a lock or a flight of locks, under various circumstances, 
are shown in the following tables. The sign prefixed to a quantity of water denotes that it is dis- 
placed from the lock into the upper reach. 


Single Lock. 

One boat descending 

Two n boats descending 
ascending alternately .. 

One boat ascending .... 

Train of n boats descending .. j 

Train of n boats ascending . . j 

Two trains, each of n boats,) 
the first descending, the>‘ 
second ascending J 


:: i 

and! 


Lock Pound. 

fsr :: :: 

Descending full 1 
Ascending empty / 
Empty or full 

Empty 

Full 

Empty or full 

Full 


J Water Discharged. 

L - B 
- B 

wL 

L + B 
n L — n B 
(n — 1) L — n B 
nL f «B 

(2 n — 1) L 


Lock Left. 



/Descending empty. 
^Ascending full. 
Full. 


j Empty. 


Full. 


Full. 


TZ 
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Flight of m Lock*. 

Locks Found. 

Water Discharged. 

Lodes Left. 

One boat descending .. .. 

»* 91 •• •• 

One boat ascending 

Emntv 

L - B 
- B 
mL + B 

L-f B 

mnL 

nL — n B 
(n-l)L-nB 
(m + n — 1) L 4* »B 
nL + nB 

(m + 2 n — 2) L 

i 

jEmpty. 

jPull. 

(Descending empty. 

\ Ascending full. 

jEmpty. 

>Full. 

Full. 

fT 7 :: :: :: 

Emntv 


Full 7 

Two n boats ^ascending andj 
Train of n boats descending .. 

»> »* 99 •• 

Tram of n boats ascending .. 

♦» ♦» *» •• 

Two trains, each of n boats, 
the first desconding, the 
second ascending 

Descending full ..1 
Ascending empty / 
Empty „ .. .. 

Full 

Empty 

Full 




From these calculations Itankine has deduced that single locks aro more favourable) to economy 
of water than flights of locks ; that at a single lock, single boats ascending and desconding alter- 
nately cause loss expenditure of water than equal numbers of boats in trains ; and that, on the 
other hand, at a flight of locks, boats in trains cause less expenditure of water than equal numbers 
of boats ascending and descending alternately. For this reason, when a long flight of locks is 
unavoidable, it is usual to make it douhlo ; that is, to have two similar flights side by side, using 
one exclusively for ascending boats and the other exclusively for descending boats. 

Water may bo saved at flights of locks by the aid of side ponds, or lateral reservoirs. The use 
of a side pond is to keep for future use a certain portion of the water discharged from a lock, when 
the locks below it in the flight are full, which water would otherwise be wholly discharged into the 
lower roach. If a bo the horizontal area of u lock chamber, A that of its side pond, then the volume 
of water so saved is L A (A + a). 

It has been pointed out in this Dictionary that a cunal cannot be properly workod without a 
supply of water calculated to last over the driest season of the year, and in that respect demands 
great care in investigating the sources of the supply. If no natural lake is available for supply, 
artificial reservoirs must bo constructed, commanding a sufficient area of drainage to supply the loss 
by leakage, evaporation, and lockage duo to the length of the canal, and probable amount of traffic. 
It is also necessary to consider whether the subsoil of the valley forming the reservoirs, is throughout 
of so retentive a character as to prevent leakage. Discharge of floods must be providod for by means 
of waste weirs. As a rulo the up traffic consumes a greater quantity of water than the down traffic, 
because an ascending boat, when entering a look, displaces a volume of water equal to its submerged 
contents, and tlio water displaced, by flowing into the lower reach of tho canal, is lost. The lower gates 
being then dom'd, tho boat is raised, and on passing into tho higher reach of the canal, the amount 
of water displaced on entering is supplied again from tho water of the higher reach. A descending 
boat when entering a lock also displaces a due quantity of water, but this water flows back into tho 
higher reach of tho canal, and is there retainod when tho gates are closed. Falton states that 
25-ton boats passing through a lock of 8 ft. lift consume about 163 tons of water in the ascent, 
and about 103 m the descent. 

For barge canals, the sectional aroa generally adopted is from 24 to 40 ft. in width and 4 to 5 ft. 
depth. When tho soil is sufficiently retentive of water the construction tokos tho form Fig. 768. 
But with porous soils tho bottom and sidos must bo puddled, Fig. 769. 



In the construction of a canal, gradients, of course, cannot be introduced as upon a road, and the 
course must follow rigidly the bases of hills and the windings of valleys to preserve a uniform level. 
It is important to lay out the work in long reaches, and to overcome elevations by accumulated 
groups of looks in the most advantageous situations ; because this plan saves labour in working the 
canal, and causes fewer stoppages to the traffic. But to prevent waste of water the locks most be 
placed sufficiently far apart, at about 100 yards, or the intervening part of the canal must have its 
water capacity increased, so that a descending boat will not let off more water than the area 
below can receive, without having its level raised so as to lose the surplus watqr over the waste 
weirs. 
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The subject of locks and water-lifts will bo found dismissed under its proper heading in this 
Dictionary, and in subsequent pages of this Supplement 

An essential adjunct to a canal is a sufficient number of waste weirs to discharge flood water, 
which might overflow the towing path. Whenever the canal crosses a stream, a waste weir should 
be formed in the aqueduct. Waste weirs are placed at the top water level of the canal. 

Stop-gates, for the purpose of dividing the canal into isolated reaches, are placed at intervals of 
a few miles, so that in the event of a breach, these gates may be shut. In larger, or ship canals, 
these stop-gates are constructed like lock-gates, two pairs of gates being shut in opposite directions. 
In smaller canals they are constructed of stout planks, slipped into grooves formed at those narrow 
parts of the canal which occur under road-bridges, or at other contractions. Automatic stop-gates 
have not met with success. 

To admit of repairs after the stop-gates have been closed, the water is drained off through a series 
of exits, termed offlets, which are pipes placed at the level of the bottom of the canal and fitted 
with valves. Offlets are generally introduced at aqueducts or bridges crossing rivers, where tho 
contents of the canal can be run off into the bed of the stream, when the stop-gates on both sides are 
closed, to isolate that part of the canal from which the wator is withdrawn. 

Provision must be made for the proper drainage of the tow-path. The tow-path should be higher 
at tho side next the canal, and slope with gentle inclination towards tho outside. The drainage 
should be effected through a sky drain, and at intervals passed beneath tho tow-path into tho canal, 
Fig. 770. 



The protection of the banks at the water line must also receive attention. Both pitching with 
stone and facing with brushwood arc employed, the latter forming an economical as well as efficient 
protection, if well executed. 

Scott Bussell has found in trials of propelling boats at high speeds, that the primary wave of 
displacement produced by the motion of a boat, moves with a velocity due to tho depth of water 
in the canal, being the velocity that is due to gravity, acting through a height equal to tho 
depth of the centre of gravity of the cross section of the channel below the surface of the fluid. 
This velocity is independent of the form and velocity of the lauly generating it, and of the width of 
the canal. A boat raised by a sudden effort to the top of a primary wave ran bo drawn at 
10 miles an hour, with loss fatigue to the horses than if drawn at the rate of 0 miles, and tho 
waste is less on tho banks of the canal. 

A great objection to high speeds in narrow channels is the wasting of the banks by tho displace- 
ment of water. At moderate speeds the washing is found to extend to not more than 1 ft. 0 in. to 
2 ft., that is, to 1 ft above and below the wuter line. A facing of stone or brushwood is an effectual 
remedy. 

Tho employment of steam as a towing power has been found in every way advantageous. There is 
less rubbing of the vessels against the banks, the power being in the line of pull, and not at an angle, 
as with horse-traction. The wear and tear of ropes is much reducod, speed is increased, and weather 
affords no obstacle on the truck, as with horses. When a strong wind is blowing athwurt the canal, 
the boats must be taken siugly or two at a time ; they cannot then be drawn in train. When boats 
are drawn iu train, it is usual to place the heaviest first. A distance of 40 to 50 ft. is the most that 
can be allowed between two boats, without losing the hold between them that prevents them from 
sheering from side to side. Although the back wash of the water is more prejudicial to the banks of tho 
canal, its injurious action can be prevented to a great extent by proper facing ; and one of the advan- 
tages offered by the use of tugs is the cleansing of the slopes of the canal from the deposit of mud, 
which accumulates at the bottom, and can be easily removed thence by the dredger. On a ship 
canal, sometimes as many as thirteen loaded vessels of 50 to 100 tons register have been towed by one 
tug at the rate of 3 to 34 miles au hour. The heaviest recorded load drawn by one tug has been 
1690 tons in three vessels, at 2 miles an hour. The speed is usually restricted with smaller vessels 
to 4 miles an hour. The cost of towage may be much diminished, and tho speed of the boat 
increased, so as to add considerably to the transport capacity of the canal, by employing the system 
of cable towage used in Belgium. A wire rope is laid down along the bottom of the canal, tho 
whole length of the course, and is attached at both ends. Tow-boats or tugs, each of which draws 
a fleet of boats, are provided with engines for giving motion to the clip pulley ; any slipping of the 
cable is thus prevented, the tightness of the clutch of the pulley being automatically regulated by 
the amount of the load. Iu working the system, the cable is raised from the bed of the canal, 

S laced in the groove of a drum, provided with suitable grinding and tightening pulleys, on the 
eck of the tug near the bow ; tho engine being started, pulls itself along, and with it the tug and 
accompanying fleet of boats, by means of the cable, which it draws up at the bow, and delivers out 
at the stern ofdlie vessel. 

A. C unningham, as the result of a loug series of experiments conducted for the Indian Govern 
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ment, on the Ganges Canal, close to Roorkee, gives the following. The experiments were confined to 
channels having trapezoidal sections, with stepped masonry sides, 2 miles long, 150 ft. width of bed, 
and two rectangular twin channels, in masonry, 932 ft. long, each 85 ft. wide. In all practical treatises 
results are based on the hypothesis that the motion of water is steady, but these experiments prove 
that this hypothesis is not even approximately true, and that there are changes in the velocity of the 
water from instant to instant The mean surface-velocity curve was found to be represented by the 

equation — -f - = 1, where 6 = half the breadth of the channel, y = abscissa of any point on 6 
U S* 

measured from centre, u 0 = central mean velocity = max. ordinate, u = mean velocity at any point 
whose abscissa is w = ordinate of mean curve. The arc of this curve, known os a quartic ellipse, 
taken across tho channel, represents the but face discharge = 0*927 x mean central velocity x width 
of oliannel. 

As to the discharge of canals, A. Cunningham bases the following table of coefficients, for small 
canals, upon the experiments of Darcy and i3azin ; where r = hydraulic mean depth in feet ; S = 
fall of water surface in any distance divided by that distance ; « 0 = maximum surface velocity in 
feet a second ; V = mean velocity in feet a second. 


Table A. — Values op C, fob Use m Formula V = C */r S. 


Hydraulic Mean 
Depth In Feet. 

Values of C. 

Bed and Sides 
of Fine Floater. 

Bed and Sides 
of Cut Stone 
or Brickwork. 

Bed and Sides 
Rubble 
or Boulder 
Masonry. 

Bed and Sides 
of Earth. 

•5 

135 

110 

72 

30 

•75 

139 

110 

81 

42 

10 

141 

118 

87 

48 

1*5' 

143 

122 

94 

50 

2*0 

144 

124 

98 

02 

25 

145 

120 

101 

07 

3-0 

145 

120 

104 

70 

3-5 

140 

127 

105 

73 

4*0 

140 

128 

10G 

7 G 

45 

140 

128 

107 

78 

50 

140 

128 

108 

80 

5*5 

140 

129 

109 

82 

GO 

147 

129 

110 

84 

6-5 

147 

129 

110 

85 

7*0 

147 

129 

110 

80 

7*5 

147 

129 

111 

87 

8-0 

147 

130 

111 

88 

8*5 

147 

130 

112 

89 

9-0 

147 

130 

112 

90 

9*5 

147 

130 

112 

90 

100 

147 

130 

112 

91 

110 

117 

130 

113 ! 

92 

12*0 

147 

130 

113 

93 

130 

147 

130 

113 

94 

140 

147 

130 

113 

95 

15-0 

147 

130 

114 

96 

10*0 

147 

130 

114 

97 

17*0 

147 

130 

114 

97 

180 

147 

130 

114 

98 

19*0 

147 

130 

114 

98 

20*0 

147 

131 

114 

98 


Tho general value of O, for use when r is greater than 20 


Bod and sides of fine plaster C = 

Bed and Bides of cut stone or brickwork .. C = 


Bed and sides of rubble or boulder masonry .. C = 
Bod and sides of earth C = 


ft., is for — 


\/ 


r l 

•0000045 

(1016 + I). 

' 1 

■000013 { 

t— 

(4-854 + 1). 
1 

•00006 ( 

1 219 + 1). 

' 1 

•00035 ( 

•2488 + 1) . 
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Table B.— Values or c, fob Use iy the Formula V = c t? 0 . 




Values of c. 



Hydraulic Mean 
Depth m Feet. 

Bed and Sides 
of Fine blaster. 

Bed and Sid* a 
ol Cut Stone 
or Brickwork. 

Bed and Sides 
Rubble 
or Boulder 
Masonry. 

Bed and Sides 
ot Earth. 



•5 

*84 

•81 

•74 

•58 



*75 

84 

•82 

•76 

•63 



1*0 

*85 

•82 

•77 

•65 



1*5 

•85 

•82 

•78 

•69 



20 

*85 

•83 

•79 

•71 



2*5 

•85 

•83 

•79 

•72 



3*0 

*85 

•83 

•80 

•73 



•8*5 

•85 

•83 

•80 

•74 



40 

•85 

*83 

•si 

•75 



5-0 

•85 

•83 

•81 

•76 



6*0 

•85 

*84 

•81 

•77 



7*0 

•85 

•84 

•81 

•78 



8-0 

•85 

•84 

•81 

•78 



9-0 

•85 

•84 

•82 

•78 



100 

*85 

•84 

•82 

•78 



11*0 

•85 

•81 

•82 

•78 



120 

•85 

•84 

•82 

•79 



130 

•85 

•84 1 

•82 

•79 



140 

•85 

*84 

•82 

•79 



150 

•85 

•81 

•82 

•79 



16 0 

•85 

•84 

•82 

•79 



170 

•85 

•84 

•82 

•79 



18-0 

•85 

•81 

•82 

•79 



190 

■85 

•84 

•82 

•79 



200 

•86 

•84 

•82 

*80 



Table A must be used win n estimating the probable disci large of a con fora pin toil canal ; 
Table 13, of a canal actually running. In the latter case, twenty separate measurements should be 
made, and the arithnn tie mean be taken ub Iho average value of the central surface-velocity, v 0 , 

For larger canals, Table 13 would not be n liable, and the mean velocities past a great number 
of verticals m the same cross section, should be measuied, ( itlier with velocity-rods or with a current- 
meter. A rod reaching from the surface to nearly tin* bed affords a fair measurement of the mean 
velocity in any plane. The rod may be simply a sheet-tin tube, 1 in. in diameter. Tlio lower end 
is loaded, or formed of a round bar of iron, of such a length that its weight almost submerges the 
tube to the depth desired, finer adjustment being effected by the addition of small shot, in still 
water. About 2 or 3 m. is left prop cting out of the water, and the mouth sealed with a disc ot tin. 
The velocity is timed by the passage of the float under rojies stretched at intervals across tho 
water. 

CARPENTRY. 

Carpentry is the science of combining timber to support weight, or to resist pressure ; its theory 
is founded on that branch of mechanical science which informs us of the laws of strains in systems 
of framing, and on tho other hand tieats of the strength or resistance of materials. Timber can 
be preserved in tho form given to it, only by careful study of tho stresses and strains to which it 
is subject, according to the* laws of mechanics, and the strength of tho material. 

To be able to determine the dimension or scantling of a piece of timber, is of the utmost 
importance to the carpenter, in order that his work shall be c apable of sustaining tho weight or 
pressure likely to be brought upon it. The irregular nature of timber has lx eu a great impedi- 
ment to the compilation of rules or tables, but the difference in good ttmlier is scarcely perceptible 
when resistance to flexure only is taken into consult ration, as the laws relating to this result from 
actual experience, and have been accurately determined. 

Stiffness in timber is the most important quality to the carpenter, as the material is rarely 
exposed to breaking strains. 

The subject of flooring has been entered upon under the article of Construction, p. 1039 of this 
Dictionary. The timbers supporting the flooring boards, as well as the ceiling joists, arc terme d 
the naked flooiing : of this there are three clasps, single-joistcd floors, double floors, and framed 
floors ; the single-joisted floor has been previously described as consisting of only one series of joists, 
in which every third or fourth joist nmy be made deeper, and the ceiling joists aio fix* d to the deep 
joists, crossing them at right angles. This method may be used where there is not space for a 
double floor. By this arrangement, there is very little increase in depth, but considerable gain in 
ixnperviousne88 to sound. The double floor consists of thrf e series of joists, ceiling, bridging, and 
binding joists. The binding joists support the floor, the bridgers are notched into the upper side 
of them, and ftie ceiling joists are notched into the under side or framed between them, the former 
being the prefgrable method. Framed floors differ from these double floors in having frames of 
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timber for the binding joists. Double or framed doors are weaker than single floors, comparison 
being made by the quantity of timber employed, but single floors of long bearing are likely to warp, 
and disfigure the celling, hence they are used only in iuferior buildings ; for short bearings where 
a good ceiling is required a double floor should be used, but with long bearings framed floors are 

S referable. Kobinson has experimentally proved single-joist ed floors to be stronger than framed 
oors, but Hurst has pointed out that these experiments were conducted on a smaller scale than 
tnat in practice, and the difference is probably not so great, because the girders of the framed 
floors are not so much weakened by mortises. Hurst gives 1 cwt. a foot of area, exclusive of 
the weight of the floor itself, as ample allowance for the probable load on an ordinary dwelling- 
house floor; and 2 cwt. a foot of area, in most cases, for warehouses and factory floors. The 
joists of the single floor should be thin and deep, with sufficient thickness for the nailing down 
of the boards. In cases where the joists cannot bo supi>orted on the wall, a piece of timber, termed 
a trimmer, is inserted between two of the nearest joists having a proper bearing, and the ends 
of the joists to be suppoited are mortised iuto this trimmer. The dimension of trimmers may he 
found by the same rule as those for binders, the length of the joists framed into the trimmer being 
equal to the distance apart in binders. 

The two joists which support the trimmer are termed trimmiug joists, anitanust be stronger than 
the common joists ; it is usual to add £ of an inch to the thickness ot the ti burning joist for each joist 
supported by the trimmer. When the bearing exceeds 8 ft , tho single joisting should be strutted 
to prevent the joists turning or twisting sideways, and when the bearing exceeds 12 ft., two rows 
of struts will be required. Another row of struts should be added for each increase of 4 ft. in 
bearing. Those struts should bo in a continuous lino across 
tho floor. Boardings put in tightly are a sufficient stiut, m * 

and simply nailed, nro hotter than koys mortised into the 
joists. Tho host method known is Herringbone Strutting, 

Fig. 771. Tho pieces ure usually about 2 in. square, and 
urc nailod to the joists at tho ends. If the joists shrink, 
these sti uts do not become looso, and are an essential ad- 
vantage in making a good ci ilmg. For ordinary purposes 
single joists may bo used to any extent if timber can be obtained of suffleiont depth; where, 
however, tho lx tiling exceeds 12 ft., tho coiling will not bo perfect, and in smgle-joisted floors 
bound puss* s freely. 

The chief supjmrt of a framed floor, tho gilders, are often limited in their dopth by tho size 
of tho timber; two cases of scantling must thercfoio bo considered. To find the depth of tho 
girder foi tho floor of a dwelling-house, when the length of bearing and breadth are given, Hurst 
gives tho following rule; — -Divide tho Bquaie of tho length in toot, by the breadth in inches; and 
tho cube toot of the quotient multiplied, by 4‘2 for fir, or by 4*34 for oak, will give the depth 
required in inches. To find the breadth, when the length of bearing and di ptb are given, the square 
of tho length in ieot is to bo dividod by tho cube of the dopth in inches ; and the quotient multi- 
plied by 0*74 foi flr, or by O’ 82 for oak, to give the breadth m inches. Tho girders in these rides are 
supped to lie 10 it apart, and this distance should never bo exceeded ; if the distance is less the 
breadth oi the giider may be reduced projiortionutoly ; girdeis for long bearings should be os deep 
as possible. The small extra spaoe required by the girders is of far less disadvantage than a 
defective coiling or a shaking floor. These rules do not apply to warehouse or other floors which have 
to sustain heavy loads, but the strength of thoso girders should be calculated by the rules previously 
given iu this Dictionary, p. 1040. Broad girders are often sawn down the middlo, and bolted together 
with tho sawn sides outwards. Tho girder, Fig. 772, is supposed to bo treated in this manner, 
which not only gives an oppoitunity of examining tho centre of the tree, but reduces the size of the 
timber, so that it dries sooner and has loss liability to rot. Slips should be inserted between the 
halves to allow ot circulation of the air. This operation does not of course increase the strength of 
tho girdeis but greater reliance can be placed on the work. 

For bearings exceeding 22 ft., it is diffioult to obtain timber of sufficient size for girders, and it 
is then usual to truss them. Figs. 773 and 774 may be ingenious but are of little use ; these forms 
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aro to bo avoided. The flr girder trussed with oak gains in strength merely the difference of com- 
pressibility botwoen the two woods, and unless the truss be well fitted, the strength is reduced, 
iron trusses fail unless tied to prevent the truss from spreading, for those trusses oocasion enormous 
compression of the timber at the abutments. 

In Barlow’s experiments on trusses of tho forms of Figs. 773 and 774, the girder having a king 
bolt and two truss pieces appeared to give » slight advantage, but the three-length truss was weaker 
tluui the untrussed pieces. Whero the depth is limited, and the bearing considerable, wrought-iron 
should be employod. A timber girder may bo strengthened, without increase of depth/ by bolting on 
each side a plate of wrought iron, or by placing a siugle plate or flitch of iron between two plonks 
or a beam out down the middle and rovtnscd. 
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Experiments made at the Boyal Arsenal, Woolwich, in 1859, show that there is some advantage 
in this combination. Hurst gives the following formula for the breaking weight of beams with iron 
flitches as described— 

W = 5’ (OB + 800; 

L 

where B and D ore the breadth and depth of the wood in inches, t the thickness of the iron flitoh 
in inches, L the length between the supports in feet, and W the breaking weight at the middle in 
cwts. C is a constant for the kind of timber, as follows ; — 


Value*, of 0. 

Teak 4*006 

English or Baltic oak .. .. 8*002 

Canadian oak 3 * 173 


Value* of C. 


Baltic fir 3*024 

American pine 2*774 

Cedar 2*219 


Where iron oaunot be obtai 


lined except at considerable expense, deep girders may be built, and 
the most simple method consists in bolting two pieces together with keys between. The keys are 
to prevent the timbers sliding upon one anothor, and the joints should bo near tho middle of the 
depth. Fig. 775. The total thickness of all tho keys should be one-third tho depth oi tho girdor, 


tt6. 



and the breadth of each key should be about twice the thickness. IIoops may bo substituted for 
bolts, the girder being then cut smaller towards the omls to admit of driving in tho hoops Perfectly 
tight. In Fig. 770 the timbers arc tabled or imhnted togothoi, instead of being keyed ; the upper 
part of the girdu may Ihj m two pieces. The sum of tho depths of the indents should not lie less 
than two-thirds of the dt pth of the complete ginlt r. The upper mcmbei of the gilder may be bent 
to a curve, and secured from springing by bolts or straps. Considerable stillness is gamed by bending 
beams iu this manner, which udmits of building beams of any depth and of the required length, by 
breaking the joints or so ai ranging them that they are not coincident in tho two members. The bent 

S ieces should bo in thickness aliout TTB of tho length of bearing, but they should not exceed in 
epth half that of the gilder. Where timber cannot bo obtained of sufficient length, care should 
be taken to have no joints in the middle of tin length in the lower part of tho girders. Joints 
should be indented or fished ; examples of these methods of jointing are given at p 2108 of this 
Dictionary, To find the dime nsion of tin ho girders, multiply 1^ times tho area of 1 he floor sup- 
ported iu feet, by the length of the bearing of the girder in feet, divide the product by tho square 
of tho depth iu inches, and the result will be the breadth of tho gilder in inches. 



Hurst suggests that it would be advantageous to make each girder only half the breadth given 
l>y this rule, and to limit tho distance apart to 5 ft. ; to bridge the uppi r floor joists over the 
girders, and notch the ceiling joists to the under side of them, and to omit the binding joists. This 
method would greatly incieato tho strength and stiffness, and be preferable in point of economy, 
but would r< quire a greater depth of flooring. 

Beams should not be built into tho wall, but an open space should be li ft round their ends, by 
either turnfng an arch, or laying a sill stone. 

Binders must vary in doptli according to the depth of tho floor. Buies for scantling are given 
at p. 1010 orthib Dictionary. Binding joists should be f ruined iuto gilders, Fig. 777, so tout both of 
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tiie bearing parte a and b should fit the corresponding parte of the mortise; the tenon to be about 
one-sixth of the depth and at about one-third of the depth from the lower side. 

Bridging joists follow the same rule as single joists. They are usually not more than 2 in. in 
thickness, except for ground-floors, in whioh case 1 in. may lie added to the breadth, to allow for 
decay arising from want of ventilation. 


Ceiling joists need never be more than 2 in. in thickness, and the depth may be found by dividing 
the length in feet by the cube root of the breadth m inches, multiplying the quotient by 0*64 for 
fir, or by 0*67 for oak. Girders shonld never be laid over openings such as doors or windows, nor 
very obliquely across the rooms. As the span of the girder is increased, wall plates and templates 
should be made stronger. The following are the usual proportions 

in in. 

For a 20 feet bearing, wall plates 4» by 3 

» » »» 6 ii ^ 

11 » n 7 | „ 5 


Floors when first framed, shonld be kept about $ in. higher in the middle than at the sides of 
the room, to allow for settling. 

In constructing floors with short timbers, several ingenious methods have been proposed; in 
Fig. 778 A, B, C, ft, represent the plan of a room with four joists mortised and tenoned together at a, 
6, c, and d ; each joist being supported at one end by tho wall, and at the other by the middle of the 
next joist. Fig 779 represents another method of constructing the floors with timbers shorter than 
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will roach across tho room. A very singular floor constructed on a large scale, for a room 60 ft. 
square, exists in Amsterdam, and this h&8 no joists whatever ; strong wall-plates are firmly secured 
on each sido of the room, and rebated to receive tho flooring. The flooring consists of three thick- 
nesses of l-jfdn. boards ; the first thickness being laid diagonally, the ends resting in the rebates of 
the wall plates. The second series of boards is also laid diagonally, but m reverse diiection. The 
third layer of boards are parallel to one of the Hides of the room All the boards are grooved and 
tongued together, and form a solid floor 44 in. in thickness. The strength of plates supported in 
this manner is directly as the square of tneir thickness, and they will support a weight m the 
middle whatever the exteut of bearing. With a uniformly distributed load, the strength is inversely 
os the area covered by the load. 

In carpentry, partitions are frames used for dividing the space of the house into rooms. 
Partitions are often of considerable weight, and therefore should have adequate support They 
are frequently allowed to rest on the floor, and cause an unequal settlement Par jtions that 
cannot be supported by a direct bearing on the wall, shonld be strapped to the floor or the roof 
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above, in preference to being laid on the floor below. The partition ought to support its own 
weight, and this may be attained by trussing over the heads of doorways. When partitions have 
a solid bearing throughout their length brnoes are unnecessary, and partitions may be stiffened by 
struts between the uprights. It is not, however, preferable to give a solid bearing to partitions 
throughout, as the settling of the walls would cause fractures, but the partition should be supported 
only by the wall to which it is oonnected, so that all may settle together. The following data will 
assist in forming an estimate of the pressure on the framing of partitions : — 

lb. lb. 

The weight of a square of partitioning may be taken at . . from 1480 to 2000 per square. 

The weight of a square of single joisted flooring, without 
counter-flooring „ 1260 „ 2000 „ 

The weight of a square of framed flooring, with counter- 

flooring „ 2500 „ 4000 „ 


Fig. 781 is a trussed partition with a doorway in the middle, the tie, of sill, being intended 
to pass between the joistmg under the flooring boards. Position of greater strength for the 
inclined pieces of the truss is shown, as the truss would have been weakened if, with tho same 

r ntity of material, these pieces had been placed as shown by tho dotted linos. Trussed pieces 
uld be inclined to the horizontal line, at an angle of about 40°. The horizontal pieces a a are 
notched into tho uprights and nailed ; with tho dwrway at one side of the room, the partition should 
be trussed over the door, as shown in Fig. 780. Posts A 11 are strapped to tho truss, hut in order 
to save straps aro often halved to the intor-tie CD, which in that case should be mado slightly 
deeper. Partitions should be put up somo time before they are plastered, to allow for warping. 

A centre, or centring, is tho timber frame, or set of frames serving as a temporary support, and 
at tho same time as a guide, placed under an arch during progress of construction. The centring 
must be of sufficient strength to sustain the arch stones without change of form, while tho 
work proceeds. The centring is the template in wood of the entrados of tho finished arch ; and its 
essential parts are, in bridge work, the ribs which span the spaco 1x1 ween the piers ; the bolsters or 
boarding, which lie transversely, and supjiort tho voussoirs ; the keys, or striking plates, beneath 
tho ribs, which are struck to lower tho centring ; and a sufficient amount of framing to hold the ribs 
and bolsters securely. 

A coeket-centring is one in which hoad room is left beneath tho arch above tho springing lino, 
upon which the temporary supports of tho centring umy have to rest. 

Centring should be easily removed, and so designed that removal of part does not interfere with 
the supporting of the remainder. In navigablo rivers, to allow for tho passage of vessels, tho centre 
must span the whole width of the archway, or bo framed so as to leave a considerable portion 
unoccupied. In narrow rivers tho framing may bo erectod on horizontal tie-boamR, supported by 
piles, or by frames, fixed in the bid of tho river. In large arches, tho arch stones frequently forco 
the centre out of form, and cause it to rise at the crown, unless the crown is proportionately loaded. 
Loadiug is, however, an imperfect remedy. Htbs of centres aro usually 4 to 6 ft. apart, and aro 
placed one under each of the external rings of arch stones, the spaco between being equally divided 
by the intermediate ribs. A bridge of three arches will require two centres ,* ono of five arches, 
three centres. 

The first point to be determined as regards tho stiffhess of centres, is tho pressure at different 
periods of tho formation of tho arch. It has lweu found experimentally that tho inclination of a 
plane must attain about 30°, before a stone placed upon it begins to slide, and it is not until sliding 
occurs that the arch stones press upon the centre. A hard stone laid upon a bod of mortar begins 
to slide at 30 to 40°, and a soft stone at about 45°, if it absorbs water sufficiently quickly to partially 
set the mortar. Pressure may be gcneially considered to commonco at tho joint which makes an 
angle of about 32° with the horizontal. This angle is termed tho angle of repose, and if tho 
pressure is represented by the radius, tho tangent of this angle will measure tho friction. When tho 
pressure is unity, the friction will consequently bo 0 G25. Hie course of stones next above tho 
angle of repose will press upon the centre, and tho pressure will increase with each succeeding course. 
Hurst gives the following formula for determining tho relation between the weight of an arch 
stone, and its pressure upon tho centre, in a direction perpendicular to the curve of tho centre — 

W (sin. a — / cos. a) - P ; 

where W is the weight of tho arch stone, P = tho pressure upon tho centre, / = tho friction, 
and a = the angle that the piano of the lower joint of the arch stone raukes with the horizontal 
When the angle which the joint makes with the horizon is 34°, P =- *04 W, and at 36°, this co- 
efficient of W becomes -08, at 38°= 0*12, at 40° = 0*17, at 42° = 0 21, at 44° = 0-25, at 46° = 0*29, 
at 48° = 0*33, at 50° = 0*37, at 52° = 0*40, at 54° = 0*44, at 50° = 0*48, at 58° = 0*52, at 60° = 
0*54. 


When the plane of the joint is so much inclined that tho vertical line passing through the centre 
of gravity of the arch stone, falls without the lower bed of the stone, the whole of the weight of the 
arch stone may be considered to rest on the centre. 

From those data the weight upon the centre can bo easily estimated. For example, to determine 
the pressure of the arch stones, upon 20° of the centre, from the joint, which makes an angle of 32? 
with the horizontal ; take from the given numbers the decimals relating to every second degree for 
the first 20°, and add them together. This sum, multiplied by the weight of a portion of the arch 
stones between 2°, will give a product which will be equal to the pressure of 20° of the arch upon 
the centre. In illustration, suppose the frames of the centre to be 5 ft. from middle to middle, and 
the depth of the arch stone to be 4 ft. ; let the Bpace between 2° of the arch measure, at the middle of 
the depth of the arch stone, 1£ ft. The solid contents will bo 30 cubic ft. ; and as the weight of a 
cubic footaof stone may be assumed to be 150 lb., the weight of 2° will be 30 x 150 = 4500 lb. 
Adding together the decimal fractions for 20°, that is, from 32° to 50°, the sum is 2*26. This sum 
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multiplied by 45001b. gives 10,170 lb. for the pressure of 2Q° upon one rib of the centre, Tbd 
pressure increase#: very gradually until the joint makes a large angle with the horizontal, and in 
designing centres the strength should be directed to the parts where the strain is concentrated. At 
the point where the joint makes an angle of 44 ° with the horizontal the arch stone exerts only 
one-quarter of its weight upon the centre, but near the crown the whole of its weight, so that to make 
the centre equally strong at each of these points would involve great waste in the application 
of the material. If the depth of the arch stone is double its thickness, its whole weight may be con- 
sidered to rest upon the centre from where the joints make an angle of 60° with the horizontal. If 
the length is less titan twice the thickness, the angle will be below 60°; if the length is greater 
than twioe the thickness, the angle will be above 60°. 

The error introduced by considering all arch stones with the joints above 60° as pressing wholly 
on the centre, is not a very great one, but it is frequently desirable, especially with circular arches, 
to attain a closer approximation. Id any case, pressure,* perpendicular to the curve of the centre, 
will be expressed by the equation previously given, but it is more convenient to measure the angle a 
from the vertical line*pasaing through the crown, then the converse equation is — 

W (cos. a — / sin. a) = P. 

Denoting the angle included between the joints by a, the pressure of any number n of arch stoues 
alike in weight and position, wili be expressed by 

/ cos. 5 a X sin. — 5 — a - fern. „ a x sin. — a \ 

\\r 1 Z , j = pressure = P. 

\ bin. J a / 

Tho are a being ascertained, the sines and cosines to a radius of unity can be found from a table 
of natural sines ; and the calculation simplified under the following form ; — 

* n 4 * 1 

W x sin. — a 

; — . X (cos. J n a — / sin. J n a\ 

sm. Jo v 

With small arch stones the pressure upon tho contro is greater than with largo, weight for weight ; 
when tho arch stones are smaller than would bo included in l°of the arch, tho error ceases to be in 
excess. Tho wholo pressure upon tho scmiceutre may be determined by the following equation ; — 


/ n 

/ cos. - a x sin. 
\ sin. J a 


n ■ f 1 . . n . n + 1 

-y- a f x sin. - a x sm. — £ 


It is essential that tho centre should bo designed so as to supjiort either a portion or the wholo 
of the weight of the arch, without deformation. Fig. 782 is of Telford’s design for a centre with 
intermediate supports, used for a bridge over the liivcr Don, of which the span is 75 ft. Fig. 788 is 
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for a stone bridge at Gloucester; the method of construction was as follows. A level platform was 
prepared, on whioh the centre was struck out to the full size. Ou the piles were laid tiers of beams 
lengthways to the centre, one under each rib, and upon these beams wedges were fixed, which were 
of throe thicknesses, the bottom one being bolted down to the beams. The tongue or dnving piece 
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In the middle was of oak, hooped at the driving end. Each rib of the oentre was put together on a 
scaffold made at the top of the wedge nieces, and was lifted by two barges on the river and two 
cranes on shore. The scaffold was extended 80 ft beyond the striking end of the wedges to rest the 
last ribs upon previously to raising, -and to give the workman position on which to operate. The 
ribs, when braced, were covered with 4-in. sheeting piles. The striking of this eentre was effected 
in three hours, by placing beams upon the top of the work diroctly ovor the ends of the wedges 
and fixing to these beams a tackle carrying a ram of 12 cwt. to strike out the driving ond of the 
tongue piece of the wedge ; after the wedges were started, pieces were put in to prevent them 
going farther than was required. The coverings, or laggings, wore thon removed, and the ribs 
tuken down in the order in which they were put up, and the piles drawn. 

Fig. 784 iB for a centre, designed by Poronet, for a bridge at Nouilly, whero intermediate supports 
could not be obtained ; in such case the construction of the centre includes tho taking of precautions 

r 'nst the tendency of the crown to rise when the sides are load* d ; for this purpose tho design 
trated by this figure is defective, because when loaded at A ami B, thoooutro must rise at 0, and 
as the timbers approach the parallel tho strains produced by the weight at any point must bo greater 
than tho joints can bear. Fig. 785 is for tho centro of Wateiloo Bridge, whero this defect is avoided. 
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A load at A could not cause tho centro to rise at C without reduction of tho length of the beam A E 
and of the opposite beam Tho design, howi ver, providi s an < \ccss of strength, and is complicated. 
If the line A 0 A', Fig 780, be the curve of an arch, and the .ingle of pressure of the arch stones 
B' B is 82°, and if the two trussed frames E D H, E' D' If' abut against each other at ( \ iho point (J 
cannot rise from pressure at D D' and by adding the piece F F' as well as tho pieces F I, F' I', gr< at 


7H6. 

C 



security is obtained. The curved ribs must be strong enough to sustain the weight between B D 
and D C. The bearings may be shortened by increasing the length of the abutments D I)'. Tho 
beams EC, E' C act as ties, and if the arch stones are laid beyond the points D D' then they act as 
struts. This arrangement requires timbers of considerable length. If the built beams EF, FF', 
and F* E\ Fig. 787, be each trussed, and abut at F and F', when the loads press eaually at D IF, the 
beam F F* %ul have no tendency to rise. The centre of this design may he applied to any span to 
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which • (tone bridge can be built If timber of sufficient length is not available the beams E F, 

FF', and F'E' may be built ap. ..is? . 

Fig . 7 88 is for a centre weii adapted for tunnels, framed upon the P^nciple of a 
truss. The backings of the rib are usually of two thicknesses of 3-m. plank bolted together, and 
the distance of the ribs about 5 ft. fiom each other. If raking struts are required during exca- 
vation, the leading ribs should be constructed without ties, as this would interfere with the struts. 



Tho principal beams of the centre should, whore possible, be made to abut end to end, or to abut 
into a socket of cast iron. Intersection of timers should be avoided, ns it increases tho number of 
joints. Pieces bearing towards tho centre should he notched Upon the framing, and bo m pairs, 
one on each side of the frame, well bolted together. The braces marked a a, Fig 787, are supposed 
to be so treated. Where many timbers meet, ties should be continued across the frames, and the 
ribs braced diagonally. 

In order that oeutros may bo easily removed, the principal supports should be placed upon 
double wedges, or upon blocks with wedge-shaped steps, bo that these may be driven back to allow 
the oetitro to fAll regularly. Centres should be removed gradually, m order to allow the arch to 
take equal settlement, and so that it may not aoquire too great velocity. The wedges in small 
centres may be driven back with mauls, but in larger works a beam is used as a battering rum. 
The wedgCB should be marked before they are started, so that the distance to which they are 
driven may be easily measured and regulated. The centres should be slightly relieved as soon 
aa the arch is completed, in order that the arch may settle before the mortar becomes hard. It 
is consequently neoeasary in striking centres, to be enabled to allow them to rest during any period 
of the operation. A novel method of striking centres was adopted at the bridge of Austeilite, in 
Paris, in 1854, and subsequently for several bridges erected in India. Iron cylinders, 12 in. in 
diameter and height, were employed, open at both ends and placed vertically on a wooden platform. 
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This platform was the lower striking plate of the centre. The cylinders, to prevent them from 
slipping were placed on discs of wood, fastened to the platform and fitting the interior diameter 
of Uie cylinders, which were nearly filled with fine dry sand ; on the top of the sand was fitted a 
wooden piston. The apparatus was then introduced under the centres instead of wedges ; and by 
allowing the sand to flow gradually away, the centres were removed at the speed required. The 
centres of Waterloo Bridge were placed upon blocks, having wedge-shaped steps, Fig. 785. Again, 
in Fig. 786 the steps are supposed to be formed on beams, that reach across the whole width of the 
bridge, passing between the feet of the trussed framos and the supporting posts. By this method 
the centre may be removed without the necessity of placing workmen beneath. 

Simple designs are best for centres, as it would bo extremely difficult to obtain a sufficiently 
accurate estimate of the strength of a complicated centre. In the centre, Fig. 786, the stress tends to 
strain the frame E D H, also the pieces E H, H' E\ when fully loaded, and the posts G K, G' K'. 
To calculate the dimensions of the timbers required, lot the pressure of the arch stone between B 
and C be determined, as previously described, and consider half this as weight collected at D, and 
acting in the direction D F. Then the strains in the direction of each of the beams of tho frame 
EDH must be found. Ascertain the pressure of tho arch betwoen D and 0, and consider it as 
acting at G vertically ; the strain on the beams E H, H' E' can then bo found. Finally, lot tho 
whole pressure of the arch stone betwoen B and 0 with half the weight of the oontie, ho considered 
as acting at E vertically, and find the scantlings of the supports KG, K' G' that will resist this 
pressure. If the length in feet ot any of the pieces be less than one and a quarter times the breadth, 
or smallest dimension, in inches, the joint will givo before the timber will bond. Whon the lougth 
between the points of bracing is less than in this proportion, tho scantling must be found by tho 
following rule. The pressure upon the beam in pounds divided by 1000, gives the area of tho piece 
in inches, or that of the least abutting joint, if that joint should not lie equal to tho section of the 
piece. Tliis rule may almost always be applied for centres, because nil long pieces may bo secured 
against bending, by cross bracing, or by radial pieces being notchod on und bolted to them. In 
Ing. 787 the beams E F, F F', and F' F/ are the chief supports If the whole weight of tho ring 
between D and C be considered to act in the direction H F at tho joint F, it will be the greatest 
strain that can possibly be attainod from tho weight of the aroli stone at that point. Produce the line 

11 F to /, make h f equivalent to the pressure, draw h e parallel to the beam E F. As h f represents 
the pressure of the arch between D and C, /* o will be the pressure in tho direction of tho beam F E, 
and c f the pressure in tho direction of the beam F F\ Estimate the weight of tho arch from 11 to 
H', let two-thuds of this bo eonsideied to act as the weight at C vertically, and this will be tho 
greatest load likely to occur at that point. The frame E I > II may bo calculated to n sist half tho 
pressure of the arch stones between B and II. The total weight of tho arch stones fiom D to G, with 
the weight of the centre itself, may be considered as acting vertically at E, and tho Biipjjorts G E 
designed to resist this pressure. The scantling of that pai t of tho lib lietwcon H ami C, or D uud II, 
may be calculated by considering the weight of this ]K>rtion of tho arch as uniformly distributed 
over the length. 

Take for oxamplo the contro Fig. 786, which is designed for a stone arch of 50-ft. spun ; tho 
stone weighs 160 lb. to the cub. ft., nich stones 6 ft. deep, and libs 5 ft. from middle to middle ; ns 
the radius of the arch is 26 ft., the radius of un ure passing through tho arch stones will bo 27*5 ft. ; 
the length of this aro for one degree equals its radius multiplied by *01715620= *48. Ami 
5 x 3 x *48 = 7*2 ft., the solid content of one degree of the ring ot uroh stones. Referring to 
equation, page 299, W x 62*26 = 7*2 x 32*26 x 1601b. = 60,195 lb. for the pressure of the ring 
bitween B and C; suppose this pressure to act in*the dilution 1)F, and to simplify matters, let it 
equal 61,000 lb. ; draw d f, Fig. 787*, parallel to D F, set oil 'dj equal 61 units, and draw e A parallel 
to the beam E II ; make de, dh parallel to the piincipal rafters of tin 1 frame ED G. Measure dh 
by the same scale as d j, it will equal 70 paits, and as both tho rafters make the same angle with 
straining force, the strain on each will Ixi ” 70 m. for the area, of which each rafter will l>o 

about m. square. Tho strain in the direction Eli need not be calculated, because when tho 
tie-beam is strong enough to resist the other stiuins, its strength to resist tension will be more than 
enough. 

Coffer-dams, Shoi'inq , and fitruttiru/. — The thickness of the dam, or distance betwoen tho outer and 
inner rows of piles, will depend on the dtptli of tin* water to be resisted, and to wane extent on 
the stiffness ot the soil through winch tho piles of the dam art* to be driven. 

The common mle for tho thickness of a eoffi r-dam is to make it equal to the d< pth of water 
when such depth docs not exceed 10 ft., and for greater depths to add to JO ft. one-third of the 
excess of deptti above 10 ft. 

When tho height of the dam above the surface of tho ground exceeds 15 or 18 ft., three and 
sometimes four or more parallel rows of piles are drivai, thus dividing tho thickness of the darn 
into two or more equal divisions, each of 5 or 6 ft. thick. 

The blight at which the dam should stand above high water will depend on the situation; 
the more exposed it is, the higher will tho dam be required ; in ordinary cases 6 ft. will be 
sufficient. 

Before commencing a coffer-dam it is usual to dredge out all the hxise soil on the site, which 
if allowed to remain would admit water under the puddle. Files of whole timber, called guide 
piles, are then driven at intervals of about 10 ft. apart, to mark out the form of the dam; longi- 
tudinal timbers, formed of half-balks, called walings, ure then billed on each side of the guide 
piles, one pair near the top, and another pair at about the level of low water. These serve the 
purpose of keeping in their places tho intermediate piles, which may now Iks driven. 

Fig. 789 is a dam adapted for deep water. The piles A A aro of whole timber, 12 in. square, 
and shod with iron weighing 15 lb. The walings B B were in the first instance of half-timbers, 

12 x 6 in., and were placed on both sides of each of the guide piles, but when the intermediate 
piles are allair iven these are removed, and single walings of the same scantling are fixed on the 
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two middle and inner tows of piles, and one waling 12 in. square on the onto row; the top waling* 
of the inner row being double. The rows of plies are tied together with iron bolts which pas* 
through the piles and walings, and are secured with large nuts and washer plates. 

AU the piles used in a coffer-dam should be matched previous to their being driven, so that 
they may fit close together, and prevent leakage through the joints as much as possible. 

The length of the piles will depend 
on the nature of the soil and height of 
the dam. For a depth of water of 5 ft 
on a soft silty bottom, 25 ft in thick- 
ness, Hughes recommends tliat piles of 
45 ft. long should be driven 8 or 10 ft. 
into tiie solid ground under the silt 
For such a depth of water a double 
dam formed of three rows of piles 
would be required. 

When the depth of water in a tidal 
river is 10 ft. at low water and 28 ft. 
at high water, on a bottom of loose 
gravel and sand 12 ft. thick, with clay 
underneath, the dam should have four 
rows of piles. The heads of those of 
the outer row should be driven down 
to within 1 ft of low-water mark and 
5 ft. into the clay, making a total 
length of 28 ft. The two middle and 
inner rows to be driven to the same 
depth into the clay, the former to stand 
8 ft, above high water, making a total 
length of 48 It., and the latter about 11 ft above low- water mark, making the length of the 
piles 88 ft. 

A double row of waling pieces should be placed all round the tops of the piles, and be connected 
by wrought-iron bolts 1| in. square. 

Owing to the great pressure to which tho sides are exposed in deep water, coffer-dams require 
to be strutted from the rear ; this is usually effected by forming counterforts of piles at short 
intervals, according to the strength required. These piles should be tied together with walings and 
stiffened by struts, and the portion of the dam between the counterforts should be strengthened by 
horizontal struts from the ends of the counterforts. In dams enclosing a narrow space, as in those 
for tho piers of bridges, the strutting might be effected from opposite sides, but they should be so 
arranged as to he easily removed and renxed, if required, as tho work proceeds. 

Struts in the body of the dam, at a level much fcidow high water, are objectionable, as they would 
hinder the packing of tho puddle and be a fruitful sourco of leakage afterwards, from the water 
creeping along thoin and causing the pucldlo to settle. 

Iron bolts in the body of the dam, though also a sourco of leakage, ore indispensable, in order 
to prevent the dam from bursting by the swelling of the puddle. These bolts should pass through 
the piles and bo secured by nuts with iron platea and largo wood washers under both the heads and 
nuts, to prevent them working into the walingr from tho constant straining to which tho dam is 
subject by the rise and fall of tho tide. 

In double dams these bolts are never allowed to go quite through from one sido to the other, but 
if possiblo to break joint as it wore in the body of tho dam. Tho bolts in the lower part of tho dam 
are shown to go through the outer and middle rows of piles only. 

Fig. 700 is a form of dam used in extension of dock, which is well adapted for a half-tide dam, 
and was oonBtruoted inside a temporary barrier which had been erected to keep out the water 
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while the site of a dock was being excavated. The thickness of the dam was 8 ft at the top and 
about 16 ft at the bottom, the total height being 28 ft. It was formed with guide piles of whole 
timbers at intervals of about 9 ft, to which the walings were bolted, and the intermediate spaces 
between the guide piles were filled in with sheeting piles, of half-timbers 12 in. by 6 The dam 
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tu designed 00 as to allow the timbers and vertical sheeting to be drawn, without running off the 
water from the dock, and the interior clay to be taken out by dredging. The piles and sheeting 
were secured to Bills laid m chases out in the rock, strutted to it at the bottom, and tn d to it by 
iron rods, with split lewis bolts at the top the formei , with tho view of remov ing it and the adjacent 
rook at a subsequent period and the latter to guard against the pressure of the earth forcing the 
upper part of the dam towards the dock, before the admission of tho water, and aituwarels, it tho 
water should by any necessity be reduced to a lower level than usual 

Wooden struts were used in the body of the dam, but they wero arranged so ns to intei fero as 
little as possible with tho packing of the puddle. 

Fig 791 is a simple arrangement for constructing a coffoi-elam on rocky ground covered by 
water, for river works It consists of two 
rows, 3 ft apart, of planks, A, A, 3 m thick, 
placed horizontally and held in their place s 
by iron rods, B, B, 2\ m diameter, which are 
inserted m the rock at intervals ot 3 ft apart 
in each row The two rows of rods and 
planking are tied together by transvuso 
bolts uossed through the body of the dim, 
and fixed to horizontal waling pieces C, t , 

10 m by 6 m , placed on the outside of tho 
vertical rod 

Tho dam is strutted ontnelv on the inside 
by rows of strong struts, D L and F, pliu od 
18 ft apart Hit outer stay 1) has iron t\( s 
fixed at each end, to enable it to 1 )l dioppe d 
over tho upper end of tho voitic il lod at 
the top of the dam and over a pm ms< rttd 
in the rock at the lower extremity U A 
cottar at the upper cud k< eps the stay secure 
The counter stay F is fixed at its lower end by tho vortical rod of the d mi, imsHing thiough an 
eye on the end of the stay, similar to that at G The otlu r end is strapped U tho htuy 1) 

A sluice placed 111 tho dam at the level of low water, enables the watoi to In ht in should a 
sudden use ot the river omlauger tho stability of the dam Ihc spaeo between tin lows ol plunking 
is packed with puddle in the usual way 

In fixing the iron rods a jumper point is fiist woiked at tho end of each, tiny nr< tl ( n succes- 
sively tumped into tho bed of the river to depths vaiying from 12 in to 18 111 tin | laid h ot tho 
lower tier are secured to the iron rods by clasps ot iron, and slupid down into then places one 
abovo tho other 

In removing tho dam tho puddle is first taken out, and Ihe reals bomg move 1 to and fio am 
be raised 

Figs 792 and 703 are of a cofferdam to resist a great he wl of water Tts length was nix ill 
1500 ft, 300 ft of which wero straight, and the rcmaindei fount d 111 two encular arts ot 1 >0 
and 800 ft radii resjioe lively, tho convex side being towards tho live 1 Ihe eloptli ut 1< w watoi 
was from 4 to 10 ft . and tho rise of tho tide 24 ft 0 in 






It consists of three rows of whole timber sheet piling, of Baltic yellow pmo fiom 13 in to 15 m 
square . the outside row battered half an inch a foot, and the other two rows upright r I he shoe t- 
tng is all drives between gaugo or bay piles, placed 10 ft upoit Ihc three lust piles duvcn meach 
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l*y are aoeuntolr earn to a taper, in opposite direction*, so as to wedge the remaining piles of the 
bay closely togetl ier. The average length of the piles in the first row is 55 ft., and in that of the 
other two rows 45 ft, though many of them exceeded 60 ft. in length. 

The height of the piles above the ground is from 28 to SO ft., all being driven down sufficiently 
far to enter a bed of hard olay. The width between the first two rows of piling is 7 ft., and that 
between the centre and back rows 6 ft. The front and back rows of piling were secured by five 
tiers of whole timber double walings ; but iu the centre row the three lowest tiers of waling are 
replaced by bands of wrought iron, keyed together in lengths of 12 ft., and forming a continuous 
tie on each side of the piling from the two extremities of the dam. 

The transverse bolts are all break joint, never passing entirely through the dam, but ter- 
minating at the centre row of piling ; they are screwed up against the wrought-iron plating, between 
which and the face of the pile is a washer of vulcanized indiarubber. These transverse bolts are 
2} in. in diameter at the lowest tier of walings, diminishing upwards to If in., and in every bay of 
25 ft., that is, between two counterforts, there were six through-bolts for each tier of walings, or 
thirty in each bay. The washer plates under the heads and nuts of the transverse bolts are of cast 
iron, 10 in. square, so as to give a large bearing surface on the timber. 

For the purpose of distributing the pressure, a oleat of hard wood, 5 or 6 ft in length, is intro- 
duced between the walings and the washers, under all the bolt heads on the exterior face of the 
dam. 

The dam is stayed at the back by oounterforts placed at intervals of 25 ft. from centre to centre. 
These oounterforts are 18 ft. in length fiom the back of the dam, and consist of close-driven rows 
of sheet piling of whole timber, strengthened by tiers of walings corresponding with those on the 
inner side of the dam, and connected with them by strong wrought-iron angle-plates, or knees, 6 ft. in 
length, through each of which one of the long transverse bolts of the dam passed. They wero further 
strengthened by horizontal struts of whole timber, from 12 to 15 tt in length, placed diagonally, 
and abutting in cast-iron dovetailed sockets 1 in. thick ; of these struts theie were three rows in the 
height of the dam. 

The surfaco of tho puddle in a coffer-dam should be covered with a layer of bricks, flags, or 
planking, to protect it from being injured or washed away. This will serve as a staging on which 
to doposit materials, or to lay rails for tho purpose of carrying a traveller. 

Coffer-dams should bo provided with sluices, to let in tho wator in case of danger to the dam by 
tho sudden rising of tho water on the outside. 

m. 



Figs. 794 to 798 are of a coffer-dam constructed by W. J. Doherty, for tho erection of a river wall 
at Dublin, and described by him in the Minutes, Institute C.E. It consists of mam piles of Memol 
timber, 32 ft. long by 12 in. square, driven as spaoo piles on the outer row, 12 ft. apart from centre 
to centre, with corresponding main piles, 40 to 42 ft. long by 12 in. square, driven as an inner row, 
leaving a space of 4 ft. 6 in. between for the puddle. The space between the main piles of both 
rows was filled in with sheet piles, 12 in wide by 6 in. thick ; those on the outer row were driven 
12 ft. into the ground, and reaching up to the water level, were 20 ft. long. Those on the inner 
row being of smaller length, were driven down to the level of (he foundation of the new wall, 24 It. 
below low water, their heads reaching 4 ft. above the water le\d. 

The sheet piles on the inside of tno dam were driven with their faoes in a line with the main 
piles, so as to offer no obstruction to the settlement of the puddle, and the lower edge of the 
horizontal planking, 3 in. thick, with which the dam was sheeted on the inside, from the level of 
3 ft. above low water to 3 ft above high water, were levelled with the same object. Two l£-in. tie- 
rods of wrought iron were passed through two half-timber wales on the outside, add the inside of 
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the main piles of the dam. They were provided with east-iron washers on each end, 8 in. square 
and 2} in. in thickness, screwed np with hexagonal nuts. The tie-rods were placed at 1 ft aoove 
high-water level. And the other at 2 ft. above low water ; these two tie-rods prevented the dam from 
spreading while the paddle was being tipped into place. Clay not being readily procurable, peat- 
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moss was substituted and answered well, when thoroughly consolidated by pressure. The steam 
gantry necessary for the execution of the works was fitted on staging formed of uprights 9 ft. high 
and 12 in. square, resting on the heads of the main piles of the outer row ; on these were placed 
longitudinal runners 12 ft. square, with similar uprights and runners on the land side, at a span of 
50 ft., and braced with timbers, 12 in. wide by 6 in. deep. A row of continuous sheet piling, 26 ft. 
long, 12 in. wide, and 6 in. thick, was driven along the land side to support the adjacent roadway ; 
it answered alsosto receive the strutting of the dam. 

x 2 
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Am soot* as about 200 ft. of wall bad been built, a cross dam was constructed between the wall 
and the coffer-dam* by fitting a balk of timber against the wall opposite the main piles of the oofter- 
dam, and bolting to it at intervals of 5 ft. horizontal framing, into which dose sheet piling was 
driven. B a ki n g stmts were carried from the whole timber against the wall and secured at the main 
piles of the dam at suitable distances. Olay puddle was tipped in behind the sheeting, and a row 
of short piles was driven in at the toe of the slope of the puddle to prevent it spreading. This 
enabled the ooflfer-dam to be drawn for the length thus cut of£ 



To prevent the dam from being pressed outwards, & foreshore of dredged material was deposited on 
the outside up to low-wator level, and piles and struts were placed from the inner dam landwards. 
Besides being in a great depth of water, it was found that the bed of gravel upon which the wall 
was founded, dipped considerably at this plaoe ; consequently the piling had to be driven to 28 ft. 
below low water, the depth at wnich souud gravel was met with. 

Figs 799, 800, are of a ooffer-dam across the entrance^ to the low-water basin, at Birkenhead, 
also constructed by Doherty. It was on plan the segment of a circle whoso chord was 476 ft. and 
versed sine 76 ft The width at the top of the dam was 18 ft., and at the ground line 23 ft ; its 
extremo height from the toe of the outer row of piles to the top of the dam was 61 ft. 6 in. It was 
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formed with two rows of whole oiles, inclined in oither direction, the outer row in lengths of 85 h 
40 ft. 12 in. wide by 14 in. thick, driven dose as sheet piles, with toes reaching to 35 ft. below thi 
old dock sill ; the inner row driven also as sheet piles, with toes reaching to 30 ft. below the sam 
datum. On every fourth pile of both rows was placed an upright 12 in. ny 14 in. thick, by mean 
of a scarf 4 ft long, scoured by four 1-in. bolts, reaching to the level of 3 ft. above high water, th 
whole being secured by five tiers of wales, placed on the outside of the piles and uprights at vertics 
distances of 8 ft. Through these wales were passed, at distances of 12 ft, a series of 2-ir 
wrought-iron tie-rods screwed at eaoh end with hexagonal nuts on cast-iron washers, 9 in. square b 
2 in. thick. At the level of high water of spring tides, an inner wale, 12 in. acraare, was bolt* 
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for the purpose of keeping the uprights asunder to the proper width at the top. Hie whole of the 
interior of the dam, on both the outer and inner row of uprights, from the level of the old dook sill 
to the top was sheeted with homontal planking, S in. in thickness, to hold the puddle; the ground 
upon which the dam rested was chiefly of fine saud, which became quicksand when saturated with 
water; this dam was eventually destroyed by undermining and pressure from without, and was a 
costly failure. 

800 . 
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The dam, Fig 801, was constructed to resist a constant instead of a tidal head of water, and is 
almost straight , it is 470 ft long, and consists of two lows ot whole piles, each 40 ft long by 13 in 
square, driven as close slueting, about 10 tt into the ground, and G ft apart between the inner 
surfaces It was braced together with two sets of wales, one at tho level of high water, and the 
other at G ft below high-water level Through tatli a 2-in tie-rod passes, and is screwed up on 
timber chocks and washers outside Tho deposit of mud withui the dam was cleared out, with a 
dredger, before filling it with puddle In use, after tho wufcr had been lowered 6 ft, tho dam 
showed signs of yielding, and shoring stiuts 14 m square were placed against tho wahngs and 
pitching of the slope It will be observi d that through-bolts arc used hero, but such a plan is dis- 
advantageous, as the puddle cannot be made tight round them, it sinks and leaves spaces round 
the bolts, although well rammed, and dams with other intermediate bolts almost invariably leak. 
Instead of these bolts, buttress piles may bo driven at intervals, to withstand the pressure of the 
puddle, which may then be reduced m thickness. 

Many engineers consider that coffer-dams may bo dispensed with in hydraulic foundations, 
and prefer dealing with them by other methods, such ns arc descnlxxl in the article on Bridges at 
p. 197 of this Supplement. 

Fig. 802 is a peculiar form of coffer-dam constructed by Law at Bio de Janeiro, at the entrance 
of the graving dock, where, as the shore was Imre granite, tho ordinary form of coffer-dam could 
not be erected, the site of the proposed entrance was enclosed by the timber shield, cut at the 
bottom to the shape of the rock against which it was placed. Tho shape was measured by oon- 
structuig a temporary stage, similar in form to the shield , the vertical depth was then taken with 
a rod, at distymees of G in apart, and thus a sera s of ordinates were obtained, to correspond 
with Urn bottom of the shield. The shield was built on the same temporary stage in a liori- 
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zontal position; the first layer of planks being placed close together on templets, formed the 
requisite carve, just in the same manner as the lagging of an ordinary centre In the next layer 
the planks were bent round the circumference at right angles to the former, being secured at each 
intersection by a 5-in. spike; then succeeded another layer of flanks parallel to the first, and simi- 
larly secured; then another parallel to the second, and so on, till the total thickness of 18 in. was 
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obtained, consisting of six planks of the ordinary dimensions, 3 by 9 in. wide by 14 ft. in length. 
The number of thicknesses of plank was increased according to the depth in water, for 5 ft. con- 
sisting of only two thicknesses, another plunk being added at each additional 5 ft. in depth. The 
shield was constructed in threo weeks by ordinary carpenters, and caulked in two days; when com- 
pleted it was lowered without difficulty into place, being loach d with sufficient halList to counteract 
buoyancy. It bore against the rook at either side without struts or bracing of any kind; a few 
pino wedges wore insoited on the inner side, where the shield was not in contact with the rock. 

Shoruuj and Strutting. — Fig. 803 is tlio u&ual method of shoring up a building that is in danger 
of giving way. 

A plank of timhor 9 in. wide and 3 in. thick, the lengths varying with the height of the building, 
is placed against the upper part of tho wall to he supjjortod. In this plank rectangular bob s are cut 
to admit of pieces of timber, called needles, from 4$ in. to 6 in. square, and about 12 in. long. The 
noodles uro pnssod through the plank, leaving alxmt 4 £ m. projecting on tho outside, and penetrating 
about tho same distance into tho wall to prevent the planks from slipping, and on tho outside 
to servo as an abutment for tho ends of the struts A, A. These noodles are shown at B, D, 
Fig. 803, A cleat E is usually spiked to the plank on the upper side of each needle for additional 
strength. 

The struts A, A, called shores, aro from G£ in. for very small buildings, to 12| in. for 
large buildings; halt-balks of timbt r, or about 12J in., is a usual size. They are fixed at the lower 
end on a footing block F buried in the ground, and at the upper end against the under side of the 
noedlos D, D. The outer strut is callod tlio top raker, and the inner one tho bottom shore, the 
other being caliod the middle raker. 

To retain the struts in their places, pieces of timber, B, aliout 1 in. thick and from 6 in. to 9 in. 
wide, are usually nailed on each side of the struts ut a short distance fiom, or immediately under, 
tho points where tho needles enter the plank. In furtheianco of the same object pieces of hoop-iron 
are nailed around the lower ends of the struts. 

Sometimes, to save length, tho top raker, instead of resting directly on tho footing block F, is 
made to spring from the hack of the strut immediately under it at a distance of a few feet from 
tho ground, a large oleat boing spiked to the back of the strut to assist in supporting it, oi a piece 
of timber is continued to the footing block for the same purpose. 

In cases of housoe where one in a row or terrace is taken down, and tlio party walls of those 
adjoining are not sufficiently strong to stand without support, struts are placed betwoen the houses 
on the opposite sides of the opening, in Fig. 804, D being a plank 9 in. wido and 3 in. thick, 
similar to that last described. Fig. 803, one or which is placed against each wall. Baking struts 
B, B are fixed to the upper and lower ends of tho plank against the wall, and to the horizontal 
stmt A, which they stifteu. The cleats E, E, and the straining piece C, are for the purpose of 
keeping these raking struts in their places. 

The horizontal stmt A may be from 6 in. by 4 in. to 9 in. by 6 in., and the raking struts B, B 
about 6 in. by 4 in., depending upon the height and distance apart of the buildings. 
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It frequently happens that the upper portion of the well of a building hae to bo supported, 
while the lower portion ig being removed, either wholly or partially, for the pnrpoee of renewing 
the foundation, forming a doorway, or shop-front. 

The method of shoring employed in sneh oases, though requiring extreme earn on the part of 
workmen, is very simple in principle. It consists merely in breaking one or more op eni ngs 


through tho wall, and inserting u beam or bulk of timlior in each of sufficient scantling to carry tho 
wall above, and projecting at right angles on each side of the wall to admit of a stout piop being 
placed under each end. The props are made to rest on wedges bo that tho beam may Ihj wedged 
up tightly against tho wall which it supports. Tho wedges nro placed on stout foot-blocks of wood 
or stone solidly bedded in the giound. If tho alterations bo extt nsive, and are likely to bo attended 
with risk, struts as in Fig. 803 should also bo applied to tho building where loquirod. 

Shafts tor tunnels, mines, or other purposes, wlion sunk through soft or looso strata, require to 
be lmed to prevent the soil from being disturbed or the sides from being forced in. A shaft is said 
tube timbered when it is lined with wood. Brick-lined shafts are always circular on plan, hut 
timbored shafts arc usually made rectangular, and they vary in size aeeoiding to tho purjHwo for 
which they are intended. Four feet square gives the smallest area that men can conveniently work 


M 


in. A shaft of this size is sometimes used for 
wells, trials, or ventilation ; 6 ft. by 4 ft. is, how- 
evt r, a usual and more convenient size. Winding 
or working shafts require to he larger ; C ft. by 
9 ft to 10 it. square is a usual size for thorn, ana 
they are sometimes made larger, particularly when 
they are to be used for the purpose of ventilation 
as well, iu which case they are divided into 
iij>cftst and downcast compartments by air-tight 
divisions called brattices. 

The lining, or cleading, of a shaft consists of 
boards, as A, Figs. 805 and 800, from 0 in. to 
9 in. wide, which are placed against the shies and 
retained in their places by horizontal frames of 
timber B, B, called settings. 

The distance apart of these frames is ri gulated by the nature of the ground passed through, and 
their scantlid^ will depend on the size of the shaft and on the nature of the ground. Very soft 
ground requires stronger frames than merely loose or friable ground, which does not exert so much 
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pressure against the Bides of the shaft. Three feet is the least distance apart the frames are likely 
to be required even in the worst soils, but it should never exceed 6 ft. 

For very small shafts in average ground the scantling of the frames should not be less than 4 in. 
square. In large shafts, 7, 8, ana 9 in. are usual sizes. Cleats are used to keep the sides of the 
frame together, as by Figs. 805, 806. The thickness of the cleading A depends on the distauoe 
apart at which the frames are set ; when they are about 3 ft. apart, 1 to 11 in. is a usual thickness, 
and when about G ft the ckading requires to be 8 in. thick. The former is, however, the safest to 
adopt in treacherous ground. The frames are kept apart at the regulated distance by vertical props 
33, % Fig. 805, varying, according to the weight to be supported, and the length of the props, from 
4 to 6 in. in diameter. 

To prevent the tendency which the timbering has to slide down the shafts, strips of timber, 
F, F, Figs. 805 and 806, called stringers, are spiked to all the frames from top to bottom in succes- 
sion, ana the whole secured to two balks of timber, O, C, Fig. 80f'», laid on the surface of the ground, 
one on each side of the shaft. During the sinking of the shaft the last frame put in is supported by 
raking props, as G, G, Fig. 805. 

In timbering a shaft 10 ft. square for a coal mine, two strong balks of timber, say 12 or 18 in. 
square, are laid upon the site of the shaft. The ground is then dug out to the depth ot 3 ft., so as to 
allow the next frame to be laid. The inch deals, 6 ft. long, are set up behind the frame, the bottom 
ends of the deals passing down half its thickness, and these deals will rise perpendicularly 8 ft. 
above the surface of the ground, when a light frame, placed within them at the top, will keep them 
in their places. Six feet more in depth of ground is taken out and another frame laid, and another 
6 ft. length of deals put in, also descending half-way down this third frame, and of course half-way 
up the second framo put in, and met ting tho bottom of the first length of deals. Then another 
frame is plact d midway between these, and a row of props placed between each set of frames keeps 
them all level and in their proper places. 

When this has proceeded some depth, and the ground for a still further length is necessary to be 
taken out, there becomes a tendency for this timbering to slide down, and the balks first laid come 
into use. Flanks, calh d stringing planks, are then spiked to these balks, and also to all the frames 
from top to bottom, thus hanging the whole. This may advantageously he done with chains when 
the whole pressure is downwards. Sometimes, however, it is upwards, although in all cases where 
this cithei occurs, or is in the least expected to occur, circular timl>er is almost indispensable. The 
reason why 8 ft. in tho first length rises above the surface, is to allow of tip room for the lubbish. 

The internal diameter ot the circular cribs for an 8-ft. finished pit should be 9 ft., and the size 
of the timber in tho cribs being, sny G in. square, would allow about an extra foot all round for 
tin* walling, with which permanent shafts aie frequently lined, tho timber being tuken out as the 
masonry is put in. 

The mode of putting in these cribs is the same as that of the square frames. An accurate floor 
of wood iB prepared, 1 1 ft. in diameter, in the centre of which is fixed a pivot, on which a radius of 
G ft. moves troely, and at 4$ ft. from the pivot is fixed an iron point, the use of which is to describe 
upon tho floor a circle 9 ft. in diumeter. At short intervals upon this circle spikes are driven in, 
leaving an inch of their upper part projecting upwards. Tho object of this is to form a rest to the 
inside of the segments during the operation of forming thoir joints. 

Tho timlx r fiom which tho cribs aie to lie cut is sawn into planking G in. in thickness, and then 
by means of n template sot to the ciiole of tho shaft or pit, each plank is as economically as possible 
cut out into as many segments as it will yield. Although it is ovidont that tho inside of the ring, 
by being tho pc gnu lit of a circle of Oft. in diameter, will not conespond with the outside, which is 
that of a circle 10 ft. in diumeter, yet it is sufficiently near, and thus tho same cut that serves for 
tho inside of i ach segment serves for the outside of another one, or in fact, the same template will 
make all the segments. Several segments having been sawn out in lengths varying from 2 to 4 ft, 
one of them is laid upon tho floor, with its inner side resting against the nails inserted as above 
mentioned, and being pressed close to them two or three other nails are driven mto the floor, on its 
outside, so as to kiep the piece of wood firmly in its place. The radius rod is then applied to the 
pit co, and uh large a segment maikcd out of it with the point of a nail as will leave a G-in. joint at 
each end. Tho end piecis are thin sawn off. Another piece of w r ood is similaily treated and placed 
end to end with tho flist ; then a third, and so on until the ciicle is completed. Before putting in 
tho last or closing piece, however, it is better to pass a saw through each joint in me line of 
the rudiu8 of the circle, so as to make them more true, and to drive up the pieces as close os 
possible. Well curbs, somewhat similar to these cribs, are described at p. 200 of this Supplement. 

Each oirele of cribbing may be sent down tho pit in three parts, so many of the short segments 
as ore necessary being nailed together, by meuns of top and bottom cleats of inch-deal, as will make 
a segment of about one-third the size of the cnb. Each of these thirds to have at one end a top. 
cleat, and at the other end a botfem-cleat, tiaih d oue-1 alf upon it, and the other half projecting, 
with the nail holes already bored iu them so as to allow of their being nailed to the adioining seg- 
ment without any delay. 

If igs. 807 ana 808 show one method of timbering a heading or gallery, which is usually performed 
with rovgh timlier. Solo pieces C, C, from 4 $ to 6 in. in diameter, are laid on the ground or floor of 
tho heading. Short pi< ces of rough boards A, A, called poling boards, about 1 or in. thick, arc 
placed against the roof of the heuding, underneath which, so as to take the ends of the poling 
boaids, balks of timber B, B, of the same diameter as the sole pieces, are placed and firmly wedged 
up by tho props D, D. To prevent the props from being knocked away or slipping off the sole 
puces, spikes, called brobs, are driven into the Bole pieces around the ends of the props. 

When the sides of the heading arc likely to fall in, poling boards. Fig. 807, similar to those oi 
the top, are fixed against tho sides. 

big. 809 is the method usually adopted for timbering the sides of trenches and ni ttow excava- 
tion, Poling boards A, A, about S ft. iu length, 1 to 1$ in. thick, and from 7 to 9 in. wide, arc 
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placed against the sides of die excavation as each suooesaive deptli of 3 It is excavated. An ordinary 
deal plank It 3 in. thick and 9 in. wide, called a waling, is placed longitudinally against the middle 
of each row of poling boards. The planks on opposite sides of the tronoh are kept in their plaoes 
by struts C, C, laid across and tightly wedged agaiust them. The struts vary in size from 4 in. 



square to G or 8 in. square, according to their length and the pressure they have to sustain. This 
mode of timbering can bo executed as tho work proceeds, and the timbers can bo readily taken out 
iu parts when required. 

When tli© soil is so loose that tho sides of tho excavation cannot bo upheld until a sufficient 
depth is dug to admit of the insertion of tho S-ft. poling boards, long planks cullod runners, usually 
of deal 3 iu. thick and 7 or 9 in. wide, pointed and sometimes shod with iron at ono end, are placed 
behind tho waliugs instead of tho poling Ixmrtls. Tho walings in this caso requiro to l>e of stout 
timber, fiequuitly as much as 12 in. by 0 in., and tho stiuts should lw proportionally strong. Tho 
runners should be constantly driven as the work proceeds, and their points kept alxmt 12 or 18 in. 
in the ground below the bottom of the trench, to prevent thosidis from falling in and to ]>cr)nit the 
excavation to 1 k> carried to the required depth. These runners aio, however, difficult to draw out 
afterwards, and they have sometimes to be left in. 

OAST IltON. 

Oast iron is a granular and crystalline compound of iron and carbon, more or less mixed with 
uncombined carbon in tho form of graphite, hut never containing moio than f> per cent. It is harder 
than pure iron, more biittle, and not so tough, and is obtained by tho direct loduetion of iron ores 
in the blast furnace. Tho modes of combination of the carbon with tho nutal, as well as the nature 
and pioportiou of foreign mntters, such as silicon, alumina, sulphur, phosphorus, and manganese, 
determine the intiuitely varying qualities relating to its colour, degree of fusibility, hardness, 
tenacity, and so on. 

I*ig iron is the form in which cast iron appears whon delivered from tho smelter, consisting 
of rough oblong blocks of tho metal, which have been run direct from the smelting furnace iutp 
open moulds. 

In piactiee, the different varieties of cast iron when in tho pig, that is, as they are sent from the 
smelting furnace, are distinguished by tho colour niul general up|>eurHnoe shown by newly broken 
suifaces; these exhibit every variation fiom dark grey to dead hard white. 

All ca4 irons are not available tor fouudiy purposes ; those preferred are irons which become 
snffic iui tly fluid upon fusion to till every pait of tin* moulds into which they arc poured, which 
shrink but slightly ujioit cooling, which, once mil solid state, admit of easy manipulation, and whilst 
satisfying these conditions, possess sufficient strength for the purpose to which they aie to lx* applied. 
Thete different qualities are found combined in a higher degree in grey cast iion than in whito 
iions, and tho former ate therefore most generally usul for foundry work. 

(trey iron merges into white iron by imperceptible degrees, and in some irons the two arc clearly 
develop'd in the fracture of one ami the same pig ; it is then called mottled iron, and this is 
frequently of great strength. Home seven or eight clashes may be found lunuitig from eh nr white 
at the one extreme to dense grey at tho other, and each class is commercially recognized by a 
distinctive number, No. 8 being the whitest, 5 the mottled, and tho lower numbers including tho 
grey varieties. Hut three kinds were at one time classified. In recent years, however, tho larger 
number given aljove has been almost invariably adopti d. 

In white cast iron the greater part of the carlxm is present in the form of a chemical combina- 
tion, caibide of iron, whilst in grey cast iron the carljon is mechanically intersix*iscd iu small block 

cks amongst the lighter coloured particles of metal, the fracture being of a dork grey colour, and 
being of a gnmulur or scaly crystalline ch iroctor. Grey cast iion is much softer und tougher than 
white iron, and may be filed, or turned ; whilst white iron is very brittle, and can neither be turned 
in a lathe nor filed. 

These qualities may be altered to a certain extent, as by casting grey iron in thick iron moulds, 
or chilis, it becomes almost as haul as steel ; but this change lakes pbicc only at the surface, tho 
inside of tl.e casting still retaining its gray colour. If it is desired to soften a casting which is too 
hard to be turned or bored, this can be done by beating the casting for several hours in a mixture 
of bone-osh and coal-dust, or in common sand, and allowing it to cool slowly whilst still imbedded 
in these bad heat-conducting materials. 

Grey cast iron requires a higher degree of heat before it commences to fuso, but becomes very 
liquid at a sufficiently high temtieraturc, so as easily to be run into moulds. 

White cgst iron is not so well adapted for casting, as it does not flow well ; it is rather pasty 
in comdstcnoc and scintillates as it flows from the furnace to a much greater extent than grey iron* 
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White east iron is silvery white, either granular or crystalline, difficult to melt, brittle, and 
excessively hard. 

This quality of iron is obtained by using a low temperature and a small quantity of fuel in the 
blast furnace. It is a homogeneous chemical compound of iron with from 2 to 4 per cent, of carbon, 
and is well suited for forge purposes, to which it is generally applied. 

Granular cast iron can be converted into grey cast iron by fusion and slowly cooling ; whilst 
grey oast irou can be converted into granular white cast iron by fusion and suddenly cooling. 

Crystalline white cast iron is harder and more brittle than the granular, and is not capable of 
being converted into grey east iron. This variety is too brittle for use iu machinery. 

The general composition of the three principal varieties of cast iron is shown by the columns 
marked FQH in the following table ; while in column A is indicated that of the South Wales 
cinder pig; 23, oommon white pig from the same locality ; C, mottled iron made with charcoal and 
cold blast ; D, Dowlais No 3 best mine pig ; and E, Cleveland No. 2 foundry pig. 

Grey east iron contains about 1 per cent, or less of carbon in chemical combination with the 
iron, and from 1 to 4 per cent, of carbon in the state of graphite in mechanical mixture. The 
larger the proportion of graphite, the weaker and more pliable is the iron. 

No. 1 contains the largest proportion of graphite ; it is distinguished in appearance by great 
smoothness on the surface of the pig, and is the most easily fusible, produces the finest and 
most accurate castings, but is deficient in hardness and strength, in which it is inferior to Nos. 2 and 3. 

It is indeed charged with carbon to excess, and when turned, free carbon may bo observed flying 
off like powder. The crystals are large, extending over the entire fractured surface, which Bhowa 
a characteristic blue-grey colour and coarse grain. When broken, the pig does not ring, but falls 
asunder with a dull leaden sound, and it usually breaks very evenly, snowing but little tenacity. 
When fluid it is marked by a notable absence of either sparks or splashes. The surface is dark and 

» sh, and as it cools it becomes covered with a thick scum, which is a source of much waste. 

very hot, os when melted iu a crucible and air furnace, it is so fluid that it will run into tho 
finest and most delicate moulds. This property, as already remarked, peculiarly adapts No. 1 
foundry pig for tho purpose of small thin and ornamental castings, and anything that requires a 
ramuto adaptation of the metal to tho mould. No. 1 is not often employed by itself, but commonly 
as an admixture with scrap. 

Table I. — Composition of Oast Iron. Spretson. 



No. 2, which is lighter in shade than No. 1, is finer in grain, not so soft, it is uot so fluid when 
molted, nor tho skin of tho pig so smooth. Being closer grained and more rigular in the fracture, 
it is more tenacious, aud whilo capable of being eusily turned and polished, l»cing harder and 
stronger than No. 1, it is preferred for strong ornamental castings. Melted, it is seen to be of a 
clour reddish white oolour, splashing littlo when poured into tho ladle. There is a scum and a 
sluggish flow, hut not to the sumo extent as with No. 1. When being run into the mould, it breaks 
ovor tho edge of the ladle in largo sheets, leaving Ik hind them long narrow lines running from sido 
to side. As the iion cools, these linos open in various directions until the surface is in lively motion, 
lines intersecting each other in every direction. This activity continues until tho surface becomes 
stiff or pasty, hut on removing this covering, these lines are again seen flitting over the surface. 

No. 3 is the most extensively used foundry iron, owing to its being a medium between the 
oxtromes, which can therefore be used for a variety of purjKwes. It has less carbon than the other 
two kinds, aud possesses less fluidity when melted ; it is also more minutely grained, and smoother 
iu the fracture than No. 2. The broken surface shows a Blightly mottled appearance at the margin, 
whilo at tho centro there is a regular arrangement of smaller crystals comparatively compact and 
dense. As it flows iuto the ladles there is a display of sparks flying in various directions, and an 
absenoo of scum, the surface being clean. Figures are slightly visible at surface, but are small, and 
pass off entiiely as tho metal cools. It possesses a greater degreo of toughness, as well as hardness, 
and turns out strong, durable castings ; it is therefore selected for parts liable to great and sudden 
strains, and exposed to oonstant wear and tear ; tram plates, for example, heavy shafts, wheel", and 
ordinary steam cylinders, where largo quantities of scrap are available. It is the opinion of many 
founders that a considerable advantage can be gained by a liberal use of No. 3, in conjunction with 
a smaller mixture of good soft pig irou. 

No. 4 foundry iron, as it is called, when fractured, is more or less mottled, with a whitish glossy 
appearance. The pig is difficult to break, and the fracture uneven, indicating a considerable 
amount of tenacity. When melted very hot it has a clean, glowing surface, and as it is poured it 
throws out showers of sparks in all directions, which continue to break into small particles, and 
fuse during their flight. This plienomenon is peculiar to this description of iron, but may be 
observed with other irons which have been very much exposed and oxidized by the atmosphere. 
While still in a melted state a constant succession of small globules rise to the surface, these 
expanding gradually and seeming to merge by degrees into tho molten mass, being replaced 
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continually while the iron remains fluid. On oooling, the surfaoe is found covered by thin scales 
of oxide. No. 4 will be found applicable to very heavy castings, such as girders, bed-plates, engine 
beams, plain columns, and the like, especially where there is little after machine manipulation 
necessary. It is obviously ill adapted for light costing, as its density renders it useless for filling 
delicate moulds. The purely white irons are entirely unsuitable for foundry purposes, and are 
therefore beyond our consideration here. 

The following remarks upon some points which we have already troated of may aid in roughly 
estimating the quality of a east iron. 

When the colour is a uniform dark grey, the iron is tough, provided there be also high motallio 
lustre ; but if there be no metallic lustre the iron will be more easily orumbled than in the former 
ease. The weakest sort of cast iron is where the fracture is of a dark colour, mottled, and without 
lustre. 

The iron may be aooounted hard, tenacious, and stiff when the colour of the fracture is lightish 
grey, with a high metallic lustre. 

When the colour is light grey, without metallio lustre, the iron iB hard and brittlo. 

When the oolour is dull white, the iron is still more hard and brittlo than in the last case. 

When the fracture is greyish white, interspersed with small radiating crystals, the iron is of the 
extreme degree of hardness and brittleness. 

When cast iron is dissolved in chloride of lime, or chloride of magnesia, the sp. gr. is reduced 
to 2*155 ; most of the iron is romoved, and the remainder consists of graphite witli the impurities of 
oast iron, A similar change takes plaoe when weaver's paste is applied to iron cylinders. Sea-wutor, 
when applied for a considerable time, has the same effect. It takes much longer to saturate white 
cast iron than to affect grey. The soft grey iron yields easily to the file after the outer crust has 
been removed, and in a cold state is slightly malleable. 

We may state also that the quality of iron in a melted state is roadily judged of by a practised 
eye from the nature of the agitated aspect of its surface. The mass of fluid seems to undergo 
a circulation within itself, having the appearance of ever-varying network. When tins network is 
minutely subdivided, it indicates soft iron. If, on the contrary, tho iron is thrown up in largo 
convolutions, tho quality of tho metal must be hard. 

There are many individual exceptions to the ordinary classification of pig iron, which, although 
a matter of great convenience, is so far artificial, inasmuch as iron varies in quality, measured by 
the minuteness of tho grain and foreign admixtures, by minute graduations between tho two extremes. 
Considerable latitude is therefore allowed iu the classification of pig iron. 

“ Scrap” or the broken-up fragments of every conceivable article which cast iron i8 employed to 
make, is os variable in composition as can well be imagined. A general characteristic is that it 
can be melted with less fuel, as it is deficient in tho thick Biliceous skin which usually covers the 
pig, and more can be melted in a given timo, as the silica necessitates a litoal use of limestone or 
some other flux, by which course damage frequently occurs to tho lining of the cupola. It should 
be observed that “ scrap ” has become altered from its original comjHtsition as often as it lias been 
remelted, for on every cooling the parts nearest tho suiface becomo white and hard, that is, to some 
extent chilled, and containing, therefore, more combined carbon than before, and hence its common 
daily u&e as an addition to soft pig, in order to cooler upon the latter greater hardness and closer 
gram. It is a mistako, however, to supposo tliat a ousting made with fino-giained scrap will have a 
finer gram than that of tho pig employed to make it, for it is obvious from a slight consideration of 
tho laws of crystallization, alluded to at p. 313, that tho fineness of the grain, that is, of tho 
crystals in a finished casting, materially dojiends uj>ou tho size and tho rato at which it cools. 

It may not bo out of place here to refer to tho erroneous idea that repeated meltings improve tho 
quality of cast iron ; in fact, with many cases it is quite the roverse. Kir William Fuirbairn gavo 
tins fallacy to the world some years since, and going loith ns it did under the sanction of his name 
and justly regarded reputation, it has been rojicatodly received as an established fact. To that 
great master of tlto foumh rs* art, Kobert Mallet, is due the disproval of Fuirbnirn’s conclusions, und 
the true view of tho mutter. Mallet says ; — 

“ Every melting mixes it up with more or less finely divided oxides and silicates, in addition to 
which tho earths, which are met with in the mateiials of the furnaco, the fuel and the flux, often 
get reduced, and their bases in minute quantity alloyed with tho iron. Tho conjoint effect of tho 
foreign bodies and diffused oxides is to prevent the metal running clean in the moulds, or making 
sharp, sound castings ; und tho effect both of tho diffused oxides and of the alloy with the metals 
of the earthy basts, is frequently to soiisibly impair the ultimate cohesion of tho cast iron. 

“These evils are masked, or rather may be occasionally masked, by tho inert aso of hardness, 
the approach towards white cuat iron, which is pi educed by each successive cooling ; but the com- 
bined effect is not that of improvement in the metal as a structural material, but a deterioration ; 
for although it is, as is well known, a fact that the ultimate cohesion of white cast iron is much 
greater than that of grey or darker coloured metal, its coeffich nt of extensibility ut rupture is a great 
deal less; in other words, the white east iion is stronger, but not so tough. 

“For these reasons, as well as others affecting the facility and i>erfoction with which hurd while 
cas t iron is moulded, it is to mislead the practical iron founder to tell him that the oftener ho melts 
and casts his good pig iron, up to * thirteen time s ' at least, the better it becomes. In brief, the facts 
are these ; — 1st. Every additional melting of cast iron injures, or is likely to injure, its qualify as a 
structural material by the addition of foreign substances. These reduce the value of the coefficient 
of resistance at rupture, and may or may not reduce that of ultimate extension ; that is, the metal, 
by remelting, becomes weaker and may becomo more brittle. 2nd. Every additional cooling after 
melting increases the hardness, density, and coefficient of resistance at rupture of the metal as last 
melted, but constantly decreases the coefficient of ultimate extension, that is, the metal by re- 
croling bournes stronger, but more brittle. The limit to these effects is found at the point where 
the whole of the cast iron 1ms passed into the state of white cast iron, as it is produced in “ the 
emu,” or in*tho “ finery ingot.” The effects are more rapid as respects the melting in proportion 
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as foreign bodies, having more powerful affinities and in larger quantities, are presented to tbeoaet 
iron in the furnace ; we may add also, as the nature of these bodies shall be more or less injurious 
when combined therewith ; and as respects the cooling are more rapid in proportion as the rate of 
cooling is more so. 3rd. The oonjoint effect of repeated and alternate melting and cooling thus 
may or may not resalt in a material possessing a higher coefficient of ultimate cohesion at rupture, 
but will always result in one more brittle, ana thus of less in place of greater structural value. As 
respects the properties of the material in the iron founder's view, its moulding properties are always 
deteriorated. 4th. If the cast iron at the commencement be assumed to be very bright grey mottled 
iron, or white iron, then it is certain that the effects of every subsequent melting, under the ordinary 
conditions of cupola or air furnace, must prove deteriorative, and that only." 

The principal and most objectionable impurities found in iron and steel are sulphur, phos- 
phorus, silicon, calcium, and magnesium. Sulphur and calcium make iron brittle at a red heat ; 
this is called “ rod-short ” iron ; phosphorus and silioon make it brittle at low temperature; this is 
known as “ cold-short " iron. 

The latter is tho greater defect of the two. To avoid sulphur, use fuel which is free from 
sulphur ; iron, which has been smelted, or puddled with charcoal, or with coke, that is, free from 
sulphur, is tho strongest and toughest. Hence the high estimation in which “charcoal ” iron is held. 

Phosphorus comes cither from phosphate of lime contained in the ore, the fuel, or the flux, or 
from phosphate of iron in the ore, phosphorus being most abundant in those strata where animal 
remains are found. 

The presence of calcium and silicon can only bo avoided by the use of ores that contain neither 
silica nor lime, such as pure haematite, or pure magnetic iron ore. 

Silicon makes iron brittle and hard, and has a similar effect on it to phosphorus; it is 
constantly found in rust iron ; hot-blast iron has more silicon usually than is found in cold-blast iron. 

Alloys of iron arc but of small importance to the founder. The following may be briefly noted ; — 

Chromium does not readily combine with iron, which it causes to bo excessively hard. 

Arsenic imparts a flue white colour to iron, but makes it brittlo. 

Gold combines very readily with iron ; it serves as a solder for small iron castings, such os breast- 
pins and similar articles. 

Silver does not unite well with iron, but a little may be alloyed with it; it causes iron to bo very 
hard and brittlo. Tho alloy is very liable to corrosion. 

Copper, if alloyed with iron, is not regardod us a homogeneous compound, but a small quantity 
of iron added to brass increases its tensile strength. 

Tin, with iron, makes a hard, but beautiful alloy, and can bo mixed in any given proportions, 
which, if nearly half-and-half, assumes a fine white colour, with the hardness and lustre of steel. 

Alloys of iron are but seldom used at present, owing to tho easy and economical ways in which 
it can be gilded, silvered, and galvnuizod, or coated with other metals. 

Of the various brnndB of cast iron which are useful to the founder, Scotch pig iron is superior 
for most purposes to any other pig iron ; a little Scotch No. 1 will give fluidity to inferior brands. 
Gartaherrio, Coltncss, Langloan, Shotts No. 1, aro in much demand on this account. This 
superiority may bo partly attributable to the varieties of ironstone which occur in Scotland, and 
paitly to the adaptability of Scotch coal under propor manipulation to produce No. 1 iron. 

Coltncss pig iron is almost exclusively used for foundry purposes, and iB in very high demand 
owing to its high percentage of uncombinod carbon, which makes it particularly suitablo for 
mixing with the light grey qualities of churcool iron produced on the Continent, and with old 
foundry scrap. 

To good Scotch pig is frequently added a certain proportion, varying to suit tho requirements of 
tho cose, of “ all rniuo ” Staffordshire iron. 

Li 11 ( shall pig iron is a celebrated cold-blast iron, remarkable for its strength and resistance to 
torsion and tensile strains in a manufactured stute ; henco it is generally kept in stock to be used as 
a mixturo for the metal in any casting where strength is of primary importance, and it is also very 
largely used in foundries for casting into soft or hard chilled rolls. 

The following list gives the names of a lew of the most celebrated British makers of good melt- 
ing pig iron. Thoso have boon selected for no invidious reason, us there are many others making 
executant foundry pig whoso names aro unknown to the writer : — 


Huberts and Go Tipton Green Furnaces. Make good melt- 

ing iron for b< dsteads, and forge iron. 

H. B. Whitohouso .. .. Prior Fields, Bil&ton. Best inciters. 

Bowling lrou Co Best melters. 

J. H. Poarson Windmill End, Dudley. 

Cochrane and Co .. .. Dudloy. 

Mudoloy Wood Co Shropshire. 

W. Baird and Co Gartslierric, Scotland. 

Ooltness Iron Co Coltncss „ 

Wilson and Co Summerlec „ 

K. Addie Langloan „ 

W. Dixon Govan „ 

Merry and Co Carnbroo „ 

Shotts Iron Co Shotts „ 


Burrow Hcomntito, Iron and Stool Company .. Borrow. Iron for malleable castings. 

In making ornamental easts, strength is of secondary consideration, but in maohinory, and 
girders for structural purposes, it is of the first importance. In foundries where machinery is 
oast, or water-pipes, or beams lor bridges, or architecture, there should be means of testing the 
strength of their cast iron. The safest and best way of doing this is to have a standard pattern, 
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my a bar 2 ft, long, 1 in. thick, and 2 in. wide. This pattern is to be moulded in a particular 
with uniformly dry sand, and east inclined at a particular degree. The mixture of iron is 
made in a crucible melted in an air fumaoe. This prom-bar is fastened with one end in a vice, and 
at the other end a platform is suspended, upon which so much weight is piled as to break the bar. 
Its deflection or deviation from the straight line, or from its original position, is measured. In 
this way the relative strength as well as the degree of elasticity may be measured, and tho 
relations of the strength of one mixture of iron to another mixture are decided with great practical 
certainty. Under all conditions a mixture of several brands of iron Is stronger than the average 
strength of the whole, each token by itself. It is rare, therefore, to employ only one kind of iron 
in the foundry. Generally mixtures are made, varied according to tho nature of tho objects to bo 
oast, the work to which they will be applied, and the strains to which they will bo exposed. It is 
the power of making mixtures which possess these qualities, of various kinds of iron in the casting, 
that forms the principal advantage of the second fusion. Tho founder can thus modify, entirely at 
will, the nature of the metal according to tho exigences of his work, and apply to each object tho 
quality of iron best adapted for it 

A thorough acquaintance with the different kinds of cast iron and the results obtained by their 
mixture constitutes one of the qualifications of a good founder. It is like many other things very 
difficult to aoquire, and can only be the fruit of numerous observations and a lengthened experience. 

The kinds of pig iron which should be mixed, to obtain the best results, depend very much 
upon the situation of the foundry, and the qualities of iron which aro most easily and cheaply 
procured in the immediate neighbourhood, and us tho nominal brands of iron differ considerably in 
quality in varies localities, only a few general considerations can bo mentioned, as in purchasing 
tho buyer will guided mainly by bis experience, and tho possibilities of obtaining 

an article as h its as his position affords. 

If pip iron is tu. ^ > spongy, it may be improved by adding No. 3 iron, or scraps from 

old castings, which are preitn .. Mo. 

Very black grey iron will bear an addition of 30 per cent, of No. 3 pig or scrap. Iron which 
contains too little carbon is successfully improved by adding No 1 until tho wnliod-for strength 
and texture are obtained. Iron from different furnaces ought to bo mixed together, and if there 
is any possibility of obtaining iron from different localities aud different ores, it is to bo preferred. 

In all cases, however, it is better to mix No. 1 of one kind with No. 2, 3, or 4, or scrap of 
another kind. 

A mixture which makes a close and compact grey iron is tho bo 4 both for strength and 
economy, but in each instance proper consideration must bo given to tho purposes for which tho 
iron, is required, as it by no means follows that a mixture which is excellent for one class of casting 
is even tolerably adapted for another class. Thus iron which makes a sharp, clear casting for small 
ornamental work, could not with Bafety bo used for parts of heavy machinery, or for beams and 
girders. 

Small or ornamental castings require a fusible iron, not too grey, which will soon solidify and 
take a clear, shurp impression from the mould. 

Iron which iB a little cold short, containing a slight admixturo of phosphorus, does well for such 
work; whilst for railings, or balustrades, or other purjioscs wbero the iron maybe subjected to 
rather sudden strains, tho pig should be fine grained, and freo from phosphorus. 

In order to obtain a metal having tho utmost slipperiness of suifuoo, luanganiferous iron is 
strongly recommended. For heavy castings, wliero great tensile strength is required, spiogoleisen 
should not be used ; but if an iron is requirod that will bo good for turning and boring, ns in tho 
case of steam-engine c\ linders, a manganiferous iron must bo used in such proportions ns will 
render it most suitable for undergoing these operations. Spiegeloisen alone does not give tho right 
metal, as it contains from 8 to 10 per ccut. of manganose, which is too largo a proportion ; 2 or 3 
per cent, of manganese is tho best for giving a good slippery smfoco, which will coni inue in tho 
best order in working, and is consequently well suited for horizontal, slationary, and locomotive 
cylinders, and for other sliding surfaces. A metal iiossessing great fluidity m melting can l>o 
obtained by a mixture of North Lincolnshire manganiferous iron with hminatite and a littlo 
Scotch pig ; this gives a close metal, which, though difficult to file, can lie tumod and bored with 
facility. By the use of tho simple ingredient manganese, added in proper pioportions, iron for tho 
exact character required for steam cylinders, slide valves, or motion bars can lie obtained. 

While ordinary cast iron emits sparks when run from tho furnace, and often gives off occasional 
bubbles of gas during its cooling, iron containing manganese evolves so much combustible gas, that 
upon the surface of the metal while flowing from the furnace is a sheet of burning gas. While tho 
iron is cooling the gas is discharged in numerous jets. Iron containing manganeso retains after 
solidification much more hydrogen than cast iron. A specimen of each kind of iron weighing 
500 grammes (17 ’635 oz.) heated in a vacuum to 1472° Fahr., gave off tho following quantities of 


6 ®*; — 


Charcoal Iron. Spiegrleluon. 

Carbonic acid .. .. 0*6 0*0 

Hydrogen 12*3 27*0 

Carbonic oxide 2*8 .. .. .. .. 0*0 

Nitrogen . 1*0 2*5 


The earburetted manganese takes up much more hydrogen than iron carburetted to the same degree. 
It is seen, then, that the presence of manganese in cost iron increases materially the occlusion of 
hydrogen, and diminishes that of carbonic oxide. 

A very good mixture for strong and close-grained cast iron for steam cylinders is composed of 
8 parts, by weight, charcoal pig, No. 5 ; 10 parts, by weight, Scotch pig ; 10 parts, by weight, scrap 
iron. Another is made of the following irons— Blaenavon (cold blast), Silverdale (Madeley Wood), 
Hematite, No. 7 or 8, and Gleogamock mixed with good scrap in varying proportions 
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Where greet hardness is required, an excellent mixture if 2 parti charcoal pig, No. 5; 4 parti 
Scotch pig ; 80 parte amp. 

In cmler to get a perfectly homogeneous mixture, and at the same time to have the power of 
thoroughly examining the metal before finally oaating, it if advisable to melt the metals together 
first, and cast in small ingots or pigs, which can be easily broken for testing and examination. If 
the mixture proves satisfactory, it can then be remoltod, and cast in the mould. Such a precaution 
will often save the production of waster castings. 

When a tough, olose-greinod casting is required, borings and turnings of wrought iron are often 
put in the cupola along with the broken pig. An instance of such a mixture is when a powerful 
hydraulic cylinder is to be cast, for unless the metal is very fine in the grain it will bo useless for 
the purpose. Oare and judgment exercised In the preparation of the churge of metal for the cupola 
will always bring Its own reward and substantially add to the reputation of any foundry. 

Morris Stirling had a process for making tough iron, which consisted in putting pieces of 
wrought iron ioto cast iron, and passing them through the furnace together. Most practical iron 
founders have some particular mixtures of iron to which they attach great ini{>ortAnc6, and with 
mason, for upon the judicious union of different brands of iron the ultimate value of the casting for 
lie special purpose mainly dejmnds, and as carriage is an expensive item in dealing with so weighty 
a material, that which is lightest is, other things being equal, tho boat iron to employ. 

Table 2 will be found or service, as it exhibits the percentage of carbon and silicon contained in 
various kinds of cast iron, and for comparison similar particulars of some wrought irons and steel. 

TaBLS 1 1. — P EB08MT A(2 1 OF CaUBON AND SILICON CONTAINED IN VABIOVS KINDS OF OAST AND 

Wbodoht Ikon and Bteel. 


Description. 


Authority. 


Hpicgeldson (Now Jersey, U.S.) 

„ (German) 

„ (Muscn) 

Liifeta nig iron (l)unnomom, Hwo 
Grey pig iron. No. 1 (Tow Law) 


feta pig iron ( Dannoniorn, Sweden) 
ey pig iron. No. 1 (Tow Law) 

„ „ (Acadian Iron Co.) 


Grey foundry pig Iron, No. 1 (Netlierton, South! 

Staffordshire) / 

Ditto ditto, No. 2, ditto 

Grey forge pig iron ditto 

Forgo pig iron, ditto .. .. k .. 

Strong forgo pig iron ditto 


Gley pig inm (Dowlais) 

Ilottlod ditto, ditto 

White ditto, ditto 

Mottled pig Iron (Wellingborough) ,, 

White pig iron (llluonavou) 

Refined iron (llmmford, B. Ktuffivdahiro) 
Fuddled stool, hard (Konigshiitte) .. 
Ditto ditto, mild (South Wales) .. 

Oust stool, Woute 

„ fur flat fllos 

„ (Huntsman’s) for cutturs .. 

„ fur ehisoia 

„ Die steel (welding) .. 

„ double shear steel 

„ quarry drills 

„ masons’ tools .. .* 

„ sjiades 

„ railway tires 

h wdls 

„ plates for ships .. .. . 

,, very mild 1 

„ (melted ou open hearth / ** 

Hard bar iron (South Wales) .. .. 

„ „ (Ktoetor, Sweden) 

„ „ (Russia) 


8-01 
812 
803 
2 81 
814 
2- 05 
2*84 
2*10 
2-81 
8-070 
1-380 
•501 
1 *34 
1-2 
10 
*75 
'74 
•7 
•04 
•C 
•82 

82 to 27 
2G to 24 
•25 


Boiler plates (Russell’s Hall, South Staffordshire) .. 
Amour platos (Weardale Iron Co.), too steely 

Bar iron (iiofsta, Sweden) 

„ (Gywuge, Sweden) 

„ (Oaterby, Sweden) 

Armour plates (Beale A Ou) 

„ (Thames Iron Oo.) .. .. .. .. 

„ (Low Moor).* .. 


Henry. 

Sehafihautl. 

FrcHcuiuH, 

Henry. 

Riluy. 

Tookcy. 

Woolwich Arsenal. 


Woulwicli Arsenal 
Percy. 

Dick. 

Brauns. 

Parry. 

Honry. 

A. Willis. 


Various. 

A. W'illis. 

Schafhautl. 

Henry. 


Tookey. 
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• It teems scarcely possible to exaggerate the importance in designing iron eastings, of so 
arranging their outlines as least to interfere with tho natural laws of crystallisation, which oome 
into play during the cooling of the metal. 

It is of vital importance that anyone who may hare to design castings should thoroughly under- 
stand the problem, u How docs the shape of the casting allow the lines of crystallisation to flow so 
as to keen them in the most compact form, and so that tho molecules are not separated by any 
unnatural force ? ” 

The following remarks on crystallisation will have no refereneo either to iron or steel, when it 
has undergone the process of either rolling or hammering, for these so re-arrange the molecules as 
to direct them from their iiAtural flow, just as when they pass from a liquid to a solid state. Wo 
must therefore confine our attention to metals parsing fVom the liquid to the solid condition, by the 
act of crystallisation; and more particularly hi east iron and brass, for it is to these that the 
founder has most frequently to direct his attention and to exercise his skill. Not unfrequently tho 
founder gets the blame when some portion of u east-iron structure has failed, even when no directs 
are appareut to tho uuiuitated. It is assorted that tiro founders have not put good metal in the 
casting, for that it has been calculated from a proi>er formula, what quantity ot material should 
carry the load required. At the same time it has not lieen considered in which way the lines of 
crystallization flow, nor by tho addition of many oxerewvnoea to tho easting, that they may have 
so distorted it as to render it comparatively a very weak thing. 

Iron which has been poured into a mould, on changing from a liquid to a solid state, becomes a 
mass of crystals. These crystals ore more or less irr< gulnr, hut tin* form toward which they tend, 
and which they would assume tf circumstances did not prevent, is that of a regular octuhcdion. 
This is an eight-sided figure, and may 1 k> imngimd to be formed out of two pyramids, having their 
bases together. In a jierfect crystal of iron all tho linos joining the opposite angles am of equul 
lengths and at right angli* to each other. These line* are called tho axes of the crystal. Con- 
cerning this formation of crystals, Mullet observes, “It is a law of the molecular aggregation of 
crystalline solids that when their particles consolidate under tho influence of heat in motion, tluir 
cry*tftls arrango and group themselves with their principal axis in lines )>or}>ondicular to the 
cooling or healing surfaces of the solid, that is, in the dinction of tho heat-wave in motion, which 
is the direction of least prewmre within the mass. 

“This is true, whether m the case of heat jiassing from u previously fused solid in the act of 
cooling and crystallizing on consol illation, or of a solid not having a crystalline structure, but 
capable of assuming one ujx>n its Utmjioniture being sutheiently raised by heat upphed to its 
external surface, and so passing into it. 

“ For example, if un ingot of sulphur, antimony, bismuth, zinc, hard white cast iron, or other 
crystal lizable metal or atomic alloy, or even any binary or other compound salt, or hyaloid Ik sly, as 
sulphide of antimony, calomel, sal-ammoniac, various salts of baryta and lime, chloride of silver or 
lead, or even organic compounds, such os camphor and spermneoti, provided it only lie capable of 
aggregating in a crystalline form under the influence of change of temperature, as from fusion or 
sublimation. If an ingot or muss of any such body l>e broken when cold, tho princijial axis ol tho 
crystals will always be found arranged in linos perpendicular to tho bounding planes of tho mass, 
tluit is to say, in tho linos of direction in which the wave of boat has passed outwards from tho 
nia^ in the act of consolidation.” 

Now, cast iron is one of those crystallizing bodies which, in consolidating, also obeys law more 
or h»ss perf«*ctly, according to the conditions, so that generally it may bo enunciated as a fact, that 
in castings the places of crystallization group themwlvos jk rj»endicularly to tho surface of tho 
external contour; that is to say, in the direction in which the heat of tho fluid cast iron has fsisHcd 
outward from the lxxly in cooling and solidifying. This is liocauso tho crystals of cast iron arc 
always small, and arc never well pronounced. Their dir<‘ctions are seldom apjsirait to the eye, 
but they aro not the loss real. Their development dejs-ndu ; — 

1. t poii the character of cast iron itself, whether or not it contains a large quantity of chemi- 
cally tmeombined carlxm, suspended graphite, which Kurstcu has shown to bo the case with all cost 
irons that present a coarse, large-ffruim d, sub-cry stal line, dark and graphitic, or shining Kpunglod 
fracture*, ouch irons form in castings of equal size the largest crystals. 

2. Upon tlie size or mass of the casting presenting for any given variety of cast iron the largest 
and coarsest aggregation of crystals, hut by no means the most regular arrangement of them, which 
depends chiefly upon — 

3. The rate at which tho mass of casting has boon cooled, and tho regularity with which heat 
has been carried off by conduction from its surfaces to those of the mould udjoccnt to them ; and 
hence it is that of all castings in iron, those called “ chilled,” that is to sav, those in which tho 
fluid iron is cast into a nearly cold and very thick mould of cost irrm, whose high conducting jx>wcr 
carries off the heat, present the most complete and perfect development of crystalline structure, 
perpendicular to the chilled surface of the casting. 

In such the crystals are often found \xt ending to 1} in. or more into the substance of tho metal, 
clear and well-defined. 

In a round bar the crystals are all radiating from the centre; in a square bar they are 
arranged perpendicularly to tlie four sides, and hence have four lines in the diagonals of the square, 
in which terminal planes of the crystals abut or interlock, and about which the crystallization is 
always confused and irregular. 

The direction of the crystalline radiation follows the planes of the figure, with but little exception 
or deviation. In a flat plate are diagonal lines of weakness, as in a square figure. The pairs of 
diagonals, joining the comers nearest to each other, are joined by a long line parallel to the two 
long surface*. This line is also a line of weakness, as the lines in which the crystals assemble in 
the systems belonging to each surface begin at the surface, and, as the casting cools, elongate toward 
the centre, When they meet in the mi d dle they do not form continuous linos through from one 
surface to th^oihet. 
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Castings may be made which will not show this peddler appearance, and may not hare Him 
any marked degree, bat if each eastings ate exposed to heat the crystals will change position, and 
assemble in lines perpendicular to the surfaces through which the heat entered the casting. The 
greater the heat the more marked will be this peculiar structure, and the law, as before stated, 
applies equally in this case, all the crystals finally assembling in lines perpendicular to the bounding 
surfaces which were heated. 

This can be illustrated in the following manner ; — Take two pieces of zinc which have been 
lolled into a sheet, and heat one of them just below the melting point. To illustrate the point in 

S ues t ion., it must be remarked that rolling any metal into a sheet elongates each crystal in a 
irection perpendicular to the pressure exerted in rolliog, that is, lengthwise in the sheet, and if 
the metal is ur&wn iuto wire, the crystals are lengthened in the same way. By bending the piece 
of zinc that 1ms not been heated, it will be found that it is tough, and can be bent many times 
without breaking the crystals lengthwise. Take the othor piece of zinc that has been exposed to 
heat. In it the crystals have turned round, and have formed themselves in lines perpendicular 
to the surface through which heat entered, and it will break when it is l>ent. The peculiar 
crystalline structure Is varied somewlmt by the quality of the metal used, but it depends more 
directly ujwn the amount of Leat passing out, or, m casting, upon the rap dity with which the 
operation la performed. 

It may hero bo remarked that in casting large thin plates, such as flooring plates, it is the 
practice of the founder, when they are cast open, to cover them over with loose sand as soon as the 
metal ceases to be liquid ; and then to remove the sand, so as to expose the surface of the metal to 
the action of the air in a crosswise direction ; the objoct in doing so is the more rapidly to cool 
those portions whero crystallization is longest in taking place. If this be not dona, the plate not 
tinfrf'qucntly buckles, and thereby loses its uniform level surface, or sometimes it actually splits 
asunder. One ol tho difficulties founders have is to keep large flat plates straight, or from flying 
into several pieces. Whenever, therefore, it is feasible to cool them in tho lines of tho weakest 
f mints, and thereby to get tho metal by rapid cooling, as near as possible to the other pints, so much 
the bettor. This cannot bo done at all times, for it is occasionally not possible to uncovtr thoao 
portions of a ousting without cooling other portions, which would thus cool too rapidly, and socaupe 
a greater evil. Thus it is that goim times much judgment is needed so os to suit the conformation 
of the easting, and to reduce the lines of cryntallization into such forms as will in some measure 
avert destructive changes. In a large circular plate to which is attached a large portion of a 
cylinder, it would bo most difficult to got the centre portion to cool, and thereby crystallize in tho 
same ratio as the outer edge, for the bout is so much concentrated iu tho centre that those portions 
of tho mould canuot bo removed until crystal lizution has almost come to rest. It is of great irn- 
jiortanoo that the proportions of the metal should bo arranged so ns to neutralize those two diver* 
gencies, and also to rvduco tho Hues to a minimum. If a circular plate, 9 ft. diameter, be cast und 
cut from tho edge to tho oentro, tho contraction of the iron by crystallization gives un owning of 
1J in. Tho neutral strain ujsm this plate must bo very great, and many such eastings fly into 
pieces upon the least heat acting upon them. It is therefore necessary to rearrange its formation 
so as to reduce tho crystallization to a minimum. This can be done by slightly changing the form, 
and thus reducing the strain. This example shows how important it is to pay strict attention in 
the following out of natural laws. 

The principal axes of the crystals in a cylinder should bo all directed to tho centre. They 
therefore gradually change their direction, and thus no planes of weakness are produced. These 
considerations explain tho general law as applied to cast-iron artillery, and which is as follows ; — 
“That every abrupt change in tho form of the exterior, every salient, and every ro-entoiing angle, 
no matter how small, upon tho exterior of a cylinder, gun, or mortar, is attorn led with on t'qually 
sudden change in the arrangement of tho orystals of the metal, and that every such change is 
accompanied with ono or more planes of weakness in tho mass.** 

The natural remedy for this is to avoid all sharp angles, allowing tho metal, when po&sible, to 
flow iu curved lines instead of sharp square comers. 

Tho square projections of the ** vcutfleld n produce at each anglo planes of w<akncss which, in 
tho case of re-eutciing angles, penetrate deep into the body of the gun. That these planes really 
do exist is evidenced by the lines of fracture in burattd guns, which almost always fallow along the 
angles of the sides of the “ ventliold.*' Tho same may be said of hydraulic cylinders when a buss is 
cast on, whereto to ulfix the connecting pipe und the pumps, and also m the trunnions of guns. A 
gun, like every other metallic substance that fails umlcr strain, must tail in the weakest place, and 
the places of fracture and posilnm of these planes of weakmss coincide most remarkably. The 
conclusion, therefore, teems inevitable, that, bowo\cr incapable the unaided eye may be to discover 
any differences in tho erystallinc arrangements of tho various parts of castings, such planes of 
weakness do exist in tho positions and from the cause* point* <1 out. 

To obviate two unfavourable conditions, it is l>est to ou^t a cylinder or tube hollow, to susjiend 
the ooro of the mould from tho top or head, insert a perforated tube down the interior of the core, 
and then inject a currant of oold air into the interior of the casting. In America some use water 
to cool such interiors ; cold air is, however, os most easy cf application, less dangerous and more 
effective. The fact Is that by injecting cold air down the core, the central heat is reduced and 
placed on on equality with that of the external surface, thereby getting rapid crystallization. The 
densities of the outer and inner surfaces ore also thus made uniform with each other. 

Now as regularity of development of tho crystals w cast iron depends upon the regularity with 
which the melted mass cools, and the wave of neat is transmitted From the interior to its surface, 
arranging the crystals in the lines of least pressure in its transit, so the extent of development, or, 
what Is the same thing, the site of each crystal, depends upon the length of time during which the 
process of crystalline arrangement goes on, that is to say, upon the length of time the easting takes 
to cool. p 
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• Hie tower the temperature el wldch the fluid east iron Is poured Into the mould, and the more 
tepidly ilia mem it cooled down to solidification, the oloeer will be the grain of the motel, the 
emwlor the crystals, the fewer and lorn injurious the planes of weakness, and the greater the specific 
gravity of the easting. The very lowest temperature at which metal can he poured, so as to All 
every cavity of the mould without risk of defect, is that at which a large casting, such as a heavy 
gun, a hydraulic cylinder, or a large anvil block, ought to be produced. It is here, however, that 
the difficulty of the founder begins, and especially where castings of a complicated form are 
required. T*he point, then, is to get every portion of the mould filled without cold shots, or col- 
lections of impurities arising in the metal from eddies or othor obstructions. It is thus an absolute 
necessity to liave the metd as liquid as possible, and to get the mould filled as rapidly as it can be 
done. Founders know well that accumulations of a deteriorating kind occur with dull metal and 
slow running ; aud experience has taught that casting* are much more free from defects, forth of 
oold shots and impurities, by using hot metal, although the crystallisation is not so perfect in heavy 
castings. 

Irons are often melted together, having different degrees of fusibility ; they will i>orhups mix, 
but not combine properly with each other. 

These irons, having different tm lt»ng poiuta, witl shrink unequally, and not having become 
united into one homogeneous body, but existing separately, (weh one will null the othor, aud, if 
possible, pull completely away, causing the casting to break. No. 1 iron has a higher molting 
point than No. 2, made from the same ores, and not only tlo different grodre of iren shrink differ- 
ently, but of oastiuga poured from the samo metal, a small easting will shrink more than a heavy 
one. Exooss of heat in every case, however, increases shrinkage. Tim loser the molting point the 
less shrinkage. Experiments show, as in the case of other alloys, that a mixture of two brands of 
iron may have a lower melting point than either of them when um<h1 separably, and on the other 
hand, a mixture of a number of brands of iron may have a higher melting point than any one of 
the founds used singly. It is generally considered that charcoal iron has a higher melting point 
tiian coke iron. Following up the statement that of costing poured from the same iron, the light 
shrinks more than the heavy easting, it follows that in making a jiattern no part should fo> thinker 
than another. Of course it is not possible m practice to adhere to this axiom. Much, however, may 
be doue to avoid very sudden contractions in shape. 

Chill- casting.— Chill-casting converts into while iron the outer skin of a easting made from certain 
qualities of cast iron ; the depth to which this alteration extends is capable of lining rtgulatod. 
This white cast iron is very hard, brittle, and crystalline, uud scarcely differs either in chemical or 
physical properties from steel, except that it cannot bo tempt red In this case the whole, or m ally 
the whole, ot' the carbon contained in tlm iron is in a stntc of chemical combination with it ; wlidst 
in the darker irous most of the carbon is diffused throughout tlio muss in the form of small partichs 
or scales. 


If the cast iron contains a largo projiortion of manganese, the amount of combined curfom may 
be ns much os 10 per cent., but ordinary pig iron seldom contuins more tlniu ft |x»r cent, of combined 
Carlton. These particles of uncoiuhined curttou must, whilst the metal is in a molted state, fo* com- 
birnd with it, for 1 m ingof a much less specific pruvity, less than half, if they were Heating abmt in 
aepsrutc particles, they would necessarily oorae to the surface of the mutnl. It is therefore assumed 
tliat the separation of the particles of curfom take s place at the moment of solidification. 

If a thin slic«t of gro y cant iron is rapidly cooled, it berimes whiter, that is to sny, u larger 
projxirtion of its carbon is held in chemical combination. White cast iron may uIko he obtained 
from grey pig, by alternately melting aud cooling it in the ordinary manner When it is doidrod 
to obtain a white iron direct from the blast furnace, the pionnrtion ot fro 1 is redact d below 
the amount usually allowed for the same quantity of ore and hl.ist, if u good grey iion were 
required. 

These facts explain the reMilfs which are obtained by the process of ehdlmg a easting ; where 
the skin of the easting U in contact with the chill, it is, for a tertain di4<mcc in, convi rtul into a 
hard white iron, whilst the intenoi of the rusting will n main ot the s.iino general nature as to 
colour aud toughmss os tin* mg from which it wa* cast The sudden cooling of the metal prevents 
the combined car Uni near the nuur jsirtioii from nqsiratiug, whereas the cooling of tho inner 
portion of the nn tal being more gindual, allows it to resume its uoruial condition. The suspended 
particles of carbon which arc held in the metul near the exterior ot the <*u»urig, arc supposed to bo 
forced inwards into the interior, or stdl fluid (sirtion, of the casting. 

All, or nearly all, the < arbou in the chilled jiortion of the casting is therefore in chcmi(*al com- 
bination with tho metal, whilst that m the interior remains suspend'd as separate atoms or scales, 
Huch is the generally accepted theory of chilled castings, which may indeed fo op« u to objection ; 
the practical result is, however, beyond any question. 

Chill-moulds differ from the ordinary moulds in having to fo rootle so as to admit the chill. 
That in which a railway wheel is cast consists of three boxes. The lower is u foix of common 
round form, merely to hold the sand and give support to the centre core and the middle box. Tho 
upper box is of a similar fonn, also round. The middle box is a solid ring, cast of mottled iron, 
and bored out upon a turning lathe, giving its interior the reverse of (he exact outer form of the 
rim of the wheel. This middle fox ought to fo at least as heavy as the wheel is to fo< after casting, 
and it is preferable if it bus two or three times that weight All the three boxes are jw in d by lugs 
and pins as usual, and the latter ought to fit well without fomg too tight. The ehief difficulty in 
easting these chilled wheels, is to make the cast of a uniform strain to prevent the wheels from 
breaking, and wheels with spokes or arms are very liable to this. 

At present most of these wheel* are cast with corrugated dfocs or plates ; in this way the huh 
may be cast solid, and the wheel is not so liable to be subjected to an unequal strain in the rtu tal 
as when oast with spokes. In such pfote- wheels the whole space fotween the rim and the bub is 
« MM by metal, Vhich, however, in most cases is not more than f in. or l in. thick. The rim of a 
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good wheel should be a* herd as hardened steel at ita periphery, hot soft and grey in its central 
parts. The drat requisite is more safely attained by having a heavy chill ; bat if the cbilt infs® 
heavy, the inner parts are apt to suffer from the ooollng qualities of the chill. Success in this 
branch of (banding depends very much on the quality of the iron of which the wheels are cast. 
Soon after costing such wheels it is advisable to open the mould, and remove the sand from the 


central portion, so as to make it cool fruiter ; this precaution saves many castings, not only in this 
particular ease, but in many other instances. Uniformity in cooling is as necessary to success as 
good moulding. 
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Chilled rollers are the most important examples of chilled castings. The mould for a chilled 
roller consists of three parts. The lower box of iron or wood is filled with new sand, or a strong 
composition of clay and sand, in which a wood pattern is moulded, which forms the coupling and 
the neck of the roller. The middle part of the mould is the chill, a heavy iron cylinder well 
bored. The upper part of the mould again consists of a box, but is higher than the lower box, so 
as to make room for the head in which the impurities of the iron, sullage, are to be gathered. The 
two boxes with their contents of sand must bo well dried. In some establishments the two ends of 
the roller are moulded in loam, over the chill, to secure concentricity of roller and coupling ; but 
this can be quite as safely arrived at by fitting the can and pins of the boxes well to the chill. 
The chill is the important part in this mould ; it ought to be at least three times as heavy as the 
roller which is to be cast in it, And provided with wrought-iron hoops to prevent its falling 
to pieoos, foi it will certainly crock if not made of very strong cast iron. The iron of which a chill 
is oast is to be strong, fine-grained, and not too grey. Grey iron is too bad a conductor of heat ; it 
is liable to melt with the cast Iron that mokes a good roller will make a good chill. The face of 
the mould is blackened like any other mould, but the blackening must be stronger than in other 
cases, to resist more the abrasive motion of tbe fluid metal. The chill is blackened with a thin 
cihiUmj of very fine blacklend, mixed with the purest kind of clay ; this coating is to be very thiu, 
or it will scale off before it is of service. 

The most important point in making chilled rollers is the mode of casting them, and the quality 
of iron used. To cast a roller, whether a chilled roller or any other, from above, would cause a 
failure. All rollers must bo cost from tylow. It is not sufficient to conduct tho iron in below* ; 
there is a particular way in which tho best roller may be cast, for almost every kind of iron. In tho 
general mode the gate is conducted to the lower journal of tho roller, and its channel continues to 
a certain distance around it. It touches tho mould in a tangential direction. In casting fluid metal 
in this gate the metal will assume a rotary motion around the axis of the roller, or the axis of the 
mould. This motion will carry all tho heavy and pure iron towards tho periphery, or the face of 
tho mould, and tho sullage will concentrate in the centre. It is a bad plan to lead the current of 
hot iron uj»oii the chill, tor it would burn u hole into it, and melt chill and roller in that place 
together. The gate must be in the lower box, in the sund or the loam mould. Tho quality of tho 
melted iron nudities in some measure the form of the gate ; stiff or cold iron requires a rapid 
circular motion, while fluid thin iron must havo less motion, or it is liable to adhere to the chill. 
The roller must lie kept in tho mould until i>erteetly cool, but the cooling may be accelerated by 


digging up the sand atound the chill. 
Many anvils, vices, and other artie 


Many anvils, vices, and other articles are mode of cost iron, mounted with steel ; the welding 
together of nti'd ami cast iron in not difficult if the steel is not too refraotory. This process will not 
sucootri wi ll with shear steel, ami hardly with blistered steel ,* but it is easily performed with east 
steel, by soldering it to cast iron by means of cast-iron filings and borax. The cast-steel plates to 
be woldiri to tho faces of anvils, are generally from a half to flvo-eightlis of an inch thick, and as 
wide as tho face itself. Those arc ground or filed white on one side, and then covered ou that side 
with a coating of calcined borax. The plate, with the borax on it, is heated grntly until the borax 
molts, which couth it with a fusible transparent glaze. «- The plate in this condition is laid quite 
hot in tho mould, which latter is mode of dry and strong sand. The iron is poured in and rises 
from below • the *to< 1 plate lx ing the lowest part of the mould, it will have the hottest iron. Tho 
beat to be given to tho iron will depend in some measure on the quality of the steel ; shear steel 
requires hotter iron than oast steel. Tho east iron used for these purposes should be strong and 
grey, hut not too grey, or the union of the iron and steed is not strong. White cast iron will not 
answir in this cu#e, patily because tho casting would be too weak, but chiefly because the oast iron 


an access of water falling from an elevution of 10 It. or more. 

Chills are almost always made of cast iron, iu a few exceptional cases only is wrought iron 
substituted. 

The gi cutest practical advantage to be derived from the process of chilling, is in eases where a 
uniou of several opposite qualities is desired in the same castiug. It would be difficult to over- 
estimate the value of the roiubhmtton iu a pair of chilled rolls, for instance, of an exterior as hard 
and cb nso as hard steel, capable of being tui nett or rut to a smooth polished surface, with an internal 
core, so to sneak, of the best soft tough east iron. 

The chilled portion of the casting is of a higher specific gravity and harder tlian the interior, 
uniform in texture, and crystalline. 

Ifivcn where the metal < mployed in the casting was originally a white iron, tbe chilhd portion 
is found to be rather harder, and its crystalline formation more regular. 8uch a metal as white 
cast iron should not, however, be employed for chilled castings, as the interior would not be so 
tough and strong as it should be. 


sary to molt up a suitable proportion of hard white scrap cast iron with the soft dark grey iron, 
which alone would scarcely chill at all. 

Hard, tough, bright grey, or mottled pig, having small crystals and a good unifwm texture, are 
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weH*dapted for the purpose, provided they do not contain an excess of tmoombinod oarbon; the 
presence of manganese in the pig iron, or the addition of a little apiegeleiaeo, improves the quality 
of the casting*. 

Where the shape and rise of the casting are such that tho mass of metal in the interior will 
long retain its heat, much of the effect of chilling is lost ; the greater the pro(K>rtion the chilled 
surface bears to the rise of the casting, the more effectual the chilling will be. The depth to 
which the chill may be formed in oastings admits of a cert dn amount of regulation, but there are 
also circumstance# affecting the castings which are at times almost beyond control. 

It is not at all times possible to obtain the right quality of iron ; the sixe and shape of a casting 
cannot always be will adapted for chilling; or the chill-moulds may uot be of sufficient depth or 
metal, to conduct away the heat from the molten metal with the necessary rapidity, to allow it to 
solidify without being again melted, by the radiation of heat from tho still molteu metal iu the 
interior. 

Assuming a cylindrical casting of some 8 or 10 in. diameter, a depth of chill of at least 1 in, 
can be obtained, provided the natal employed is at all fit for the purpose, and with tho iron best 
suited for chilling a much greater depth can be obtained, with proper care as to the moulds and 
the like. But in the great majority of cnees 1 in. depth of oliill is sufficient. 

For castings that will have much surface wear, such as in rolling metal, or crushing minerals, 
allowance should be made in the depth of the chill for the removal of the exterior of tho rolls, by 
their repeatedly being turned in the lathe, os their surfaces become worn or inured in use. 

At toe same time it must be* remembered, that tho greater tho depth to which tho chill is 
carried tho more brittle is the casting. The chief strongth of the ousting is in its tough, unaltered 
metal bereath the hard chilled surface. m 

In considering the advisability of the greater or less depth of chill, therefore, estimate tho 
extent to which tho casting may lie worn or turned b» fore it becomes necessary to loplooo it. 

Avoid chilling to a greater depth than m^^ssary, e^iocially in cases wlnro strength is required 
in the castings, to re-itt transverse and other strains. 

In casting large t lulled rolls, the moulds for the ondn and necks should bo of dtysand,or loam, 
properly built up and connected with the iron chill for the roll itself. Or the iron ctdll for tho 
onus and necks can be made much thinner and lighter iu substance than that tor tho centre. 

The mass of metal in the oliill largely influences the depth of tho chilled jiortion of a casting; 
it is ticces-ary not only that it should be sufficient to ndu^ the tomjN*ruture, in a few minutes, of 
the iron on the suriace, from the terujieniture ut which it is poured, sny 2500" Fohr., to that 
of solidification, say about 1000°, when it is bright nul in day light, but ulso that it should bn 
capable of absorbing the heat which will radiate from the interior of the easting, so as to prevent 
tho solidified and chilled surface from being rcm< ltod by tho radiation of internal boat. 

Moisture in moulds is at all times dangerous, but when thoso aro made of sand or loam, (ho 
danger is lessened to a certain extent, by tho porous material allowing of the escape of some of the 
pent-up gases and steam generated by the intense heat of tho cost metal. 

When, however, clull-moulds are used, tho utmost precaution is required to liuvo them 
absolutely dry for use. 

This entire freedom from moisture could scarcely bo obtained, still hois preserved, in the warm, 
damp air of a foundry, with perspiring workmen hurrying about ; tho steam and vajKUir would at 
once condense on the surface of an iron chill-mould, if it wore brought rofd into tho shop, (kin- 
sequcntly the chill is always heated to a considerable extent before jiouriiig, a precaution which it 
is all the more necessary to observe, when tho chill is to he us d in conjunction with sand or loam 
moulds. It this were not done, any dampness left in tho sand or loam would probably bo driven 
out, and at once condense on the surface* of tho chill, if that were no! In ah d to a t« mpomturo con- 
sult rubly higher tlian tkut of tlie surrounding atmosphere. 

The steam and gases which would lie formed in a damp cliill-mould, when tho metal was 
pmred, huvmg no means of escape, would acquire tremendous exjiansive force, and would either 
burst the mould and rend the liquid iron spirting about amongst the founders, or at least, ruin tho 
casting and distort the mould. 

It would appear that to heat tho mmil 1 would impair ils property of chilling tho metal poured 
into it. Yot in practice it is not found to ha\o Ibis <*ffect even wliuu htutod to 250 ° Fulir. 

It is eun assisted tl<at a superior thill is obtained from a hot mould than from a cold one, 
other tkmg» being tniual ; it mu#d l>e remembered that with a mould bested even to 250"’, there is 
a large margin of difference Isiwt en that Uaujieratiire and that of the melted iron poured into it, 
and it is suppos'd that the chill has a gn*akr tendency to conduct away heat from the metal cost 
in it, it the chill be previously heated to about tlie temperature above named. 

The heat given out b\ tin* cast rnetd penetrates through the chill with extraordinary rapidity, 
and if the walls of the chill are uot sufficiently thick to absorb the gnutcr portion of tho heat, con- 
siderable risk is run, that either the casting and the mould may fuse together in one solid mass, or 
that the effect of chilling may be neutralized, by tlie heat evolved from the c* ntial portion of tho 
casting uot being conducted away with sufficient rapidity. It may be assumed that cast iron 
expands slightly at the moment when it passes from the liquid to tho solid form, such expansion, of 
course, tending to burst the mould. 

To avoid these evils, the moss of tlio chill must be properly proportioned to tho area of the 
portion of the casting which requires to be chilled, in relation to its entire bulk. Iu tlie case of 
• casting which bos to be cldlled over its entire surface, the weight of the chill-mould should be 
about three time* that of the costing to be made from it, presuming the casting not to be of 
exceptionally large dimensions. 

So varied, however, are the circumstances under which chill- moulds have to be employed, that 
experience is almost the only possible guide for their construction. 

It is desirobldfcot to mJce the chill-mould thicker than is necessary to enable it to carry off the 

« r 2 



832 


OAST mow, 


good wheel should be as hard as hardened steel at its periphery, but soft and grey in its central 

e fhe first requisite is more safely attained by having a heavy chill ; but if the chill hUtoo 
\ the inner parts are apt to suffer from the cooling qualities of the chill. Success in this 
branch of founding depends very much on the quality of the iron of which the wheels are cast. 
Soon after casting such wheels it is advisable to open the mould, and remove the rund from the 
central portion, so os to make it cool faster ; this precaution saves many castings, not only in this 
particular ease, but in many other instanoes. Uniformity in cooling ia as necessary to suooess as 
good moulding. 

Chilled rollers are tho most important examples of chilled castings. The mould for a chilled 
roller consists of three parts. The lower box of Iron or wood is filled with new sand, or a strong 
composition of clay ana sand, in which a wood pattern is moulded, which forms the coupling and 
the neck of tho roller. The middle part of the mould is tho chill, a heavy iron cylinder well 
bored. Tho upjicr part of the mould again consists of a box, but is higher than the lower box, ao 
as to make room for the head in which the impurities of the iron, sullage, are to be gathered. The 
two boxes with their contents of sand must be well dried. Iu some establishments the two ends of 
the roller are moulded in loum, over the chill, to secure oonceutricity of roller and coupling ; bnt 
this can be quite as safely arrived at by fitting the ears and pins of the boxes well to the chill. 
The chill is the important part iu this mould ; it ought to be at least three times as heavy as the 
roller which is to bo east in it, and provided with wrought-iron hoops to prevent its falling 
to pieces, for it will certainly crack if not made of very strong cast iron. The iron of which a chill 
is cast is to be strong, fine-grained, and not too grey. Grey iron is too bad a conductor of heat ; it 
is liable to melt with the cast. Iron that makes a good roller will make a good ehilL The face of 
the mould is blackened like any other mould, but the blackening must be stronger than in other 
cases, to resist more tho abrasive motion of the fluid metal. The chill is blackened with a thin 
contmy of very fine blaoklead, mixed with tiie purest kind of clay ; this coating is to be very thin, 
or it will scale ofl before it is of service. 

The most important {joint in making chilled rollers is the mode of casting them, and the quality 
of iron um< d. To oast a roller, whether a chilled roller or any other, from above, would cause a 
failure. All rollers must bo cast from below. It is not sufficient to conduct the irou in below ; 


there is a particular way in which the l>ost roller may be cast, for ulinost every kind of iron. In the 
general mode tho gate is conducted to tho lower journal of the roller, ami its channel continues to 
a certain distance around it. It touches the mould in a tangential dinvtion. In casting fluid metal 
in this gate the metal will ussume a rotary motion around the axis of the roller, or the axis of tho 
mould. This motion will carry all tho heavy and pure irou towards the periphery, or the face of 
the mould, and (he sullage will concentruto in the centre. It is a bad plan to lead the current of 
hot iron U)miii the chill, for it would hum a hole into it, and melt chill and roller in that place 
together. The guto must be iu the lower box, in the hand or tho loam mould. The quality of tho 
molted iron modifies in some measure tho form of tho gate; stiff nr cold iron requires a rapid 
circular motion, while fluid thin iron must I nvo less motion, or it is liablo to Adhere to the chill. 
Tho roller must lie kept in tho mould until |>erlectiy cool, but tho cooling may be accelerated by 
digging up tho sand around the chill. 

Many anvils, vices, and other artirlos arc mode of cast iron, mounted with steel ; the welding 
together of *1**01 and cast iron is not difficult if the steel ia not too refractory. This process will not 
tiuooood Will with shoar steel, ami hardly with blistered steel , but it is easily performed with cast 
steel, by soldering it to cast iron by means of cast-iron filings and borax. The oast-stool plates to 
bo welded to tho faces of auvds, arc generally from a half to five-e:ghtiis of an inch thick, and as 
wide as the fuoo itself. These an* ground or filed white on one side, and then covered on that sido 
with a coating of calciucd borax. The plate, with the borax ou it, is heated gently until tin* borax 
melts, which covers it with a fusible transparent glaze. > The plate m this condition is laid quite 
hot in the mould, which latter is made of dry and strong sand. The iron is {toured in and rises 
from bolow ; the ste* 1 plate being tho lowo&t part of tho mould, it will have tho hottest iron. Tho 
bent to be given to tho iron will depend in some measure on the quality of the steel ; shoar steel 
requires hotter iron than oust steel. Tho cast iron used for these purposes should be strong and 
grey, but not too grey, or the union of the iron and steel is not stroug. White cast iron will not 
answir in this case, {wutly bocuuso tho casting would be too weak, but chiefly because the east iron 
would fly or crack, in hardening the steel. The hardening is doue under a considerable heat, with 
an access of water falling from an elevation of 10 ft. or more. 

Chills are almost ala ays mode of cost iron, iu a few exceptional cases only is wrought iron 
substituted. 

The gi cutest practical odvantago to be derived from the process of chilling, is in cases where a 
uniou of several opposite qualities in desired in the same casting. It would bo difficult to over- 
estimate the value of the combination in a pair of chilled rolls, for instance*, of an exterior as bnnl 
and dt use as hard steel, capable of being turned or cut to a smooth polished surface, with an internal 
core, so to sneak, of the best soft tough east iron. 

The chilled portion of the casting is of a higher specific gravity and harder thun the interior, 
uniform in texture, and crystalline. 

Even where the metal employed in the easting was originally a white iron, the chill* d portion 
is found to be rather harder, and its crystalline formation more regular. Nueh a metal aa white 
cast iron should not, however, be employed for chilled eastings, as the interior would not be so 
tough and strong as it should be. 

IJork grey irons are not at all adapted for the purposes of chilled castings. No. 1 Sc tch pig being 
particularly unsuitable; when the right quality of iron cannot be obtained, it is sometimes necea- 
sary to melt up a suitable proportion of hard white scrap east iron with tho soft dark grey iron, 
which alone would scarcely chill at all 

Hard, tough, bright grey, or mottled pig, having small crystals and a good uniform texture, are 
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waH*dapted for the purpose, prodded they do not oontain m exoeet of unoombined carbon ; the 
presence of manganese in the pig iron, or toe addition of a little spiegeleison, improves the quality 
of the cartings* 

Where the shape and size of the easting are snob that the mass of metal in the interior will 
long retain its heat, much of tho effort of chilling is lost; the greater the pro)kurtion the chilled 
surface bears to the size of the casting, the more effectual the chilling will bo. The depth to 
which the chill may be formed in costings admits of a cert tin amount of regulation, but there are 
also circumstances affecting the castings which are at times almost beyond ooutrol* 

It is not at all times possible to obtain tlio right quality of iron ; tho size ami shape of a casting 
cannot always be welt adapted for chilling; or the chill-moulds may not be of sufficient depth of 
metal, to conduct away the heat from the molten metal with the necessary rapidity, to allow it to 
solidify without being again melted, by the radiation of boat l'rom tho still molten metal in the 
interior. 

Assuming a cylindrical casting of some 8 or 10 in. diAmoter, a depth of chill of at least 1 in. 
can be obtained, provided the metal employed is at all tit for the purpose, and with the iron host 
suited for chilling a much greater depth can be obtained, with proper care as to the moulds and 
the like. But in the great majority of esses 1 in. depth of chill is sufficient. 

For castings that will have much surface wear, such as in rolling metal, or crushing minerals, 
allowance should be made in the depth of the chill for the removal of the exterior of tho rolls, by 
their repeatedly being turned in tho lathe, as their surfaces become worn or injured in u»o. 

At the same time it must bo' remembered, that the greater the depth to which the ohill is 
oarried tho more brittle is the casting. Tho chief strength of tho casting is in its tough, unaltered 
metal beneath the hard chilled surface. 

In considering the advisability of the greater or less depfn of chill, therefore, estimate tho 
extent to which tho casting may be worn or turnod before it becomes necessary to replace it. 

Avoid chilling to a greater depth than necessary, especially in cases win re strength is required 
in the castings, to resist transverse ami other strains. 

In coating large chilled rolls, the moulds for tho ends and necks should he of dry sand, or loam, 
properly built up and connected with tho iron chill for tho roll itself. Or the iron chill for the 
ends and necks can ho made much thinner and lighter iu suhstunoo than that for tho centre. 

The mass of uietal in the chill largely influences tho depth of the chilled portion of a costing; 
it is neces'ory not only that it should l>o sufficient to reduco the tumjH*raturo, in a few minutes, of 
the iron on the surface, from the teni|>«mturo at which it is poured, say ‘2500° Fahr., to that 
of solidification, say about IffiXT, when it is bright red in daylight, hut also that it should bo 
capable of ahsoibmg tho heat which will radiate from the interior of the casting, so as to prevont 
the solidified and chilled surface from being remelted by tho radiation of intomnl bout. 

Moisture in moulds is at all times dangerous, but when those am made of sund or loom, tho 
danger is lessened to a certain extout, by tho porous material allowing of tiro escape of some of the 
pent-up gases and steam generated by the iutonso heat of the cast metal. 

When, however, chill-moulds art) umd, the utmost precaution is required to haYO them 
absolutely dry for use. 

This entire freedom from moisture could scarcely be obtained, still loss preserved, in tho warm, 
damp air of a foundry, with perspiring workmen hurrying about ; tho stoain and vapour would at 
once condense on the surface of an iron chill-mould, if it were brought cM into tho shop. Con- 
sequently the chill is always heated to a considerable extent before j curing, a precaution which it 
is all the moro nccoa*aiy to observe, when tho chill is to lx- us d in conjunction with sand or Joatu 
moulds. If this wore not done, any dampness left iu tbo sand or loam would proliahly ho driven 
out, and at once condense on the surface of the chill, if that acre not litah d to a ti rapemturo con- 
siderably higher than that of tho surrounding atmosphere. 

The steam and gases which would bo formed in u ifamp ( hill-mould, when tho metal was 
poured, having no means of escape, would acquire tremendous expansive force, and would either 
burst the mould and send the liquid iron spirting about amongst the founders, or ut least, rum tho 
casting and distort the mould. 

It would appear that to heat the moul 1 would iini*iir ils proiierty of chilling tho metal poured 
into it. Yet m practice it is not found to have this effect oven when lu atod to 2.W Fahr. 

It is even asserted that a sujxMTior chill is obtained from a hot mould than from a cold one, 
other thing* Wing equal ; it must be remembered that with a mould hostel even to 2JWT, there is 
a large margin of difference between that temperature and that of the molhd iron poured into it, 
and it is supposed that the chill lias a greater tendency to oonduot away heat from the metil cast 
in it, if the chill be previously heated to about Die temperature above named. 

The heat given out by the cast metil ixmctrates through the chill with extraordinary rapidity, 
and if the walls of the chill are not sufficiently thick to absorb the gnwter portion of tho hear, con- 
siderable risk is run, that cither the casting and the mould may fuse together in one solid mass, or 
that the effect of chilling may be neutralis'd, by the heat evolved from the o* ntial portion of tho 
casting not being conducted away with sufficient rapidity. It may bo assumed that cast iron 
expands slightly at the moment when it passes from the liquid to the solid form, such expansion, of 
course, tending to burst the mould. 

To avoid these evils, the mass of the chill must be properly proportioned to the area of tho 
portion of the casting which requires to be chilled, in relation to its entire bulk. In the case of 
a casting which has to bo chilled over its entire surface, the weight of the chill-mould should be 
about three times that of the casting to be made from it, presuming the costing not to be of 
exceptionally large dimensions. 

Bo varied, however, are the circumstances under which chill-moulds have to be employed, that 
experience is almost the only poa*ible guide for their construction. 

It is desifab24|pot to moke the chili-mould thicker titan is necessary to enable it to r airy off the 



amount of beat from the outing, from the fcct that the thicker It is the more liable it is to crack? 
fiat the aerere (trains put upon it by the espanafam of its inner portion, when the great and 
sudden boat of the molten metal first come* upon it. 

This expansion and the subsequent contraction in cooling cannot bnt be unequal, and the 
larger and thicker the chill-mould, the greater is the risk of a fracture. 

In the preparation of large chills it is always advisable to shrink wrought-iron hoops round 
them whore possible. 

Certain results have to be decided upon beforehand, and the founder must use his utmost skill 
to attain them in the safest and most economical manner; the utmost that science can do to assist 
him consists in pointing out what evils to avoid, or how best to rectify the damages occasioned by 
want of judgment or scientific knowledge. 

In a foundry whore many chilled castings from different moulds have to be made, it will 
be apparent that it is to the interest of the founder not to make these chills any larger, or heavier, 
than is absolutely necessary to effect the doom'd result ; cost of the metal in the moulds, aud the 
amount of room required lor their storage, sufficiently explain this. 

There are several ways of finishing the interior surfaces of the chill-mould before using it for 
casting. 

For fine castings the mould must either be bored or machine planed, after which a ooat of rust 
is allowed to form upon it; this is obtained either by wetting it for a few days with dilute hydro- 
chloric acid, or with urine. The object of thin coat of rust is to prevent the casting from adhering 
to the chill, but no “clay wash *’ must on any account be applied to the chill, as it would hinder 
its absorption of heat from the casting, and the rust itself must also be rubbed away for the same 
reason. When the surface of the chill has been thus prepared, and just previous to the casting, a 
thin, oven coating of blackwash, or blnckload, is applied. If, however, the surface of the chill has 
boon tolerably well oxidized beforehand, this coating may be dispensed with, although, as a rule, 
founders prefer to apply some kind of wash Wore pouring. 

As the iron which is l>cst adapted for chilled castings docs not flow very freely, it is necessary 
that It should bo at a high temperature at the moment of pouring, mow particularly as it will have 
to part with its heat so rapidly on entering the mould, that it may solidify m irregulnr blotches, or 
clots, if it has not a sufficient store of surplus heat to keep the whole of the mass of metal 
in a liquid, or nearly liquid, state* until the completion of the (muring. 

For the same reason, the casting arrangements should be such, that the mould nmy be rapidly 
filled by a large stream or streams of metal, wo directed, however, as to avoid, os far as (visible, 
coining into continued and violent contact with the surface of the chill, which would thus soon 
become seriously damaged at such points of contact. The life of a chill-mould depends considerably 
upon the oaro with which it is used ; if its surface becomes slightly damaged from the action of the 
molten metal, it may l»o patched up with a little loam, but whuiever such (Hitching occurs, the 
uniformity of the dull on the casting will be destroyed. 

For line work, or for castings w In re dimensions must ho strictly adhered to, a very slight 
damage to the mould is fatal to it. 

In many cases, howovet, when the mould is only slightly roughened in parts, it can lie reborod, 
and made to do duty again. Of course, earo must be taken not to remove a thicker skin of the 
mould than is in oossary to get a smooth, even surface. 

In the choice of the metal used for the chill-moulds, tlio founder has to consider whotln r he will 
bo guided in his selection by economy or durability. 

If the mould is likely to bo one in great request, ho should devise a hard, d« nsc, close-graittod 
pig iron from which to east it, in fact, os wo have Wore said, a metal ver> similar to that 
described us most suitable tor the chill-castings themselves. 

In other cam's, however, not much cuic ms <1 lie exercised in the selection of the metal for tho 
chills, except that vt ry dark Scotch iion, which is not at all suitable for the chilled castings, is also 
not well adapted tor the cli ill-moulds. 

It is imjHiShiblo to lay down rules as to the exact dimenrions of a chill-mould which is required 
to produce a certaiu*siz< d ousting. In addition to allowance for the shrinkage ot the casting on 
cooling, tho suihlou expansion of the mould itself, when tin* hot metal inters it, ruu*t bo taken into 
account. 

That part of the mould which first root ives the flow of the hottest motel, not only expands most 
from having to hour the first sudden increment of heat, but baa uK> to liear the weight due to the 
head of metal ufU rwnrds poured in, until the casting bus cooled and solidified sufficiently to 
relievo the mould of this pressure. Consequently, it may bo inferred that the actual dimensions of 
a coating will be that of the interior ot the chill- mould, when it has boon ex|*attded to the extent 
due to tho tempeiaturo of molten cast iron, when just on the (mint of solktifiiwtiou, minus the 
amount of subsequent contraction of the casting, during the process of cooling down to the 
temperature of the atmosphere. 

The metal being poured into the chill, two actions immediately set in ; the skin of the casting 
solidifies, aud the metal in the interior commences to part with its hi at, contracting away from the 
iuterior of the mould as it does so. The mould, at the same time absorbing heat, expands away 
from the exterior of tho casting. The moment when thu distance between the chill and the casting 
has reached its maximum, it, theoretically, the time when the ousting should be removed from the 
mould, experience, and the nature of the work in hand, must guide the moulder as to the safest 
Ume to withdraw his casting ; if he attempts to do it too qcdckly, he may distort its sliape, from its 
beiug as yet too hot and soft to bear the strain ; if he leaves it too long, the chill-mould may have 
commenced to contract round the casting, and thus bind it hard and fast, besides having spoilt the 
chill surfime, as before described. The higher the temperature of the cast iron when ponied, the 
greater is the strain upon the chill. 

The oontraetioct oc the easting during ooottng depends km, perhaps, upon m absolute bulk 
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than upon its form ; and, as might be expected a chilled easting eontnots somewhat km (ft the 
cooling than an ordinary casting. 

The principal elements which govern the amount of expansion in chill-moulds may be briefly 
stated as follows ; — 

Its internal capacity : the larger the quantity of molten metal it will have to contain, the 
greater the strains it will bare to bear, from the longer sustained heat, and the greater pleasure of 
the head of metal, before it has superficially solidified. 

Its thickness : for large castings it is imperative that the chills should he thick iu the walls, 
but with every increase of thickness the risk of cracking the chill is increased, owing to the 
tendency of the heated inner portion to expand, being opposed by the rigidity of the outer and 
oooler portion. 

Having withdrawn tho casting frqjp the mould, it should bo allowed to get nuito cold ss soon 
as it possibly can by radiation. No artificial cooling, by cold water, or tho like, should bo rosorted 
to, as they are liable to distort or fracture the casting ; and no further iuorease of hardness can 
be obtained in this muuncr. 

Chilled cad iron and cast steel, similar as they are in many respects, have this important 
differeuoe. that the one, east iron, cannot lie hardened by plungiug hot into oold water, whilst tho 
other, steel, can be hardened in that manner. 

Avoid placing the casting in such an attitude, or iu such a locality, as to exposo it to uuduo 
strains, or to currents of air, or other ciroumstancos likely to produoo distortion or uuoqual 
cooling. 

It has boon mentioned that a chill-casting which has boon allowed to cool down in the mould 
too Blowly, owing to tho chill not being sufficiently massive for its duty, or for other reasons, loses 
much of its chill'd character, allowing a considerable portion of its contained carbon to pass into 
its former uuoombmod state, and the iron, instead of Ixing hard and white, more nearly resembles 
the character of the pig from which it was originally east. 

Occasionally this quality is made serviceable, where it is convenient to uso iron moulds, but 
where it is not desired that the resulting casting shall bo hard or chilled. In Bitch east's a pig 
iron may be selected which is of a bad chilling nature ; or after tho casting has boon made iu 
the chilled mould, it may be rendered soft and tough by being kept for several days at a low rod 
beat 

Chills, when out of uso, should l>o protect**! from rust by being greftsod and stacked under 
cover. Before being agaiu used, the grease must l>o thoroughly removed, as it has a tuudoucy to 
cause the casting to solder to the chill. 

We conclude this article with a description of tho Amorican plan of making railway wheels, 
In which chilling in casting is employed to an extent unknown in any other industry. 

The manufacture of chilled cast-iron railway wheels has now Income a very important Industry 
in the United States, ujmiii whose railway system of 75,000 miles no other class of wheel is 
employed to any groat extent, at least for paswmgor and freight rolling stock. There are a lnrgo 
number of cast-iron whoel works in the country, varying in capacity of production from 450 down 
to 40 or 50 wheels a day, and such improvements have lieen introduced into the manufacture 
that, whereas some time since railway accidents arising from broken wheels were common, of late 
years such a mischance is almost unknown. One of tho most imjKirtunt improvements in the 
process of munufucture, consists in mixing with the pig iron a certain proportion of Bessemer stool, 
crop ends of rails being most eonvi nicntly used for this purjswc. This mixture, hoddes improving 
the chilling qualities of tho wheel, adds greatly to its strength, and even allows of tho use of 
anthracite in tho place of charcoal pig iron. 

At the works of Messrs. A. Whitney and Sons, of Philadelphia, one of the largest establish- 
ments for the manufacture of chilled wheels in the United Slates, the different processes have been 
brought to a high d<*groe of jierfeotion. The following is a brief description of tho factory, and tho 
manner in which the work is advanced from stage to stage. Of couise the foundry is the most 
important portion of the whole works. It is a fine building, 450 ft. long and 50 ft wide, with two 
lines of rails miming down its whole length, except opposite the furnaces. Tho rails am laid to a 
gauge of about 10 ft, and upon tin in are pinch'd twelve light travelling cranes, with a platform 
attached to tho centre {mat, and ujsm which the man working tho crane stands, and controls its 
movements, both in hauling the moulds and ladles, uud in moving tho crane from pluco to place 
upon the line, tho crane being geared for travelling. The fioor oi tho foundry is so laid out that 
there is room on either side of both pairs of raits for a row of moulds, and in tho centra qf tho 
building is a |>ath about 4 ft wide. Against one side of the buildiug, and in tlio centre of its 
length, are five cupolas, three of 4 ft. U in. internal diameter, and two smaller ones of 18 in. iu* 
diameter. The former are employed in melting the iron for the wheels, tho latter chiefly for 
experimental purposes. The tnree cupolas are tapped into converging channels, all running Into 
one large tipping reservoir, from which the small ladles are supplied. The blast to the cupolas is 
famished by a vertical blowing engine, with two blowing cylinders, one at the top of the machine 
and one at the bottom, with the steam cylinder between the two. 

The mixing of tho irons for the cupolas, is the most important and difficult operation in the 
whole oourse of the manufacture. Besides the steel scrap, nothing but charcoal pig iroti is 
employed, and of this from twelve to twenty different kinds, all of tho highest class, are used in 
varying proportions. Bat these mixtures have to be altered frequently, owing to irregularities in 
the nature of tlie metal, and daily tests are made with a view of ascertaining what changes, if any, 
have to be introduced into the next day’s work. The proportions of the mixture being decided 
upon, the cupolas ate charged, a ten of coal being first pul in the bod of each furnace. The charge 
is then carefully loaded oj»on trucks, ujion a weighing platform. Files of the various pigs are 
r fo—A in theiMxropcr order around the truck, and there is a drum upon the weighing machine, on 
wfcfefc a sheeC*of paper Is placed, and the weight of each different pig, in proper Older, is 
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written upon it. For instanoe, the workman commences with 200 lb. of cool in bis track; he 
then placet 120 lb. of old steel rails, 125 lb. of cinder pig, 350 lb. of old wheels, and so on through 
the Jong Hat of charcoal pig irons employed, the old material being placed at the bottom of the 
furnace. The weighing platform is so arranged as to record the accumulating weights as the 
drum revolves, bringing before the woikman the name and quanlity of each successive ingredient 
which he takes from its respective heap before him. As soon as it is loaded, the truck is raised to 
the top of the cuj>ola by an hydraulic lift. The moulds, when ready, are placid down the 
building in four rows, one on each side of the two lines of rail upon which the cranes run. The 
patterns used are almost all in iron, and the chills in the moulds are of cast iron. One workman 
can, on an average, mould ten wheels a day, but all failures in the casting, urismg from any care- 
lessness in moulding, are charged to him on a rapidly increasing scale. 

This system has been found necessary, as the men are mid by the piece, and if only the price 
paid per wheel were deducted for the spoilt castings, a far higher average of failures would rtsult, 
because the nun would earn higher wages by working faster and more carelessly. 

Before the metal in the cupola is ready to run, a charcoal fire is lighted in the receiver before 
spoken of, in order to warm it, and also that whin filled, the metal may be covered with charcoal, 
and oxidation checked. In a similar manner the ladles, of which there are a \ery large number 
employed, have burning charcoal placed in them, and the y are coated internally in the usual way. 
Those ladles are cylindrical pots mado of she* t iron, and mounted each on a pair of wheels tor 
facility of transfiort. On the sides of each ladle are two sockets, into one of which the end of 
a long iron handle is inserted for hauling it along the floor. Al«o at each end of the axle is a 
square hole, Into which is placi d the end of a handle with forked < nds. The ludle being run up to 
the receiver, the latter is tipped over by the gearing attached to it, and the ladle is charged ; it is 
then brought along the floor to the crone, which takes hold of it, the two square-ended It audits 
before mentioned are inserted in the holes in the axles, the ladle is raised, una the iron is | ourtd 
into the mould. The chilled portion of the wheel sets almost os soon as it comes into contact with 
the chills, and in a very short time after the casting has been made the flasks are removed, the 
sand knocked away, and the red-hot wheel is placed on a trolly to be taken to the annealing pits. 
This process is one of the most important of the series. If the wheel be allowed to cool in the open 
sir, severe internal strains are created, whioh will sometimes be sufficient to destroy the casting, 
and open-air cooling was the active cause of failure iu the early periods of this class of wheel 
making. 

The annealing ovcnB are placed at one end of the foundry, and below the floor, the top of tho 
ovens being at that level. Besides these ovens of very largo diameters for extra-sized wheels, 
and chilled tyres, there ore forty-eight pits ranged in six rows of eight each. These rows are 
divided into pairs, each pair of sixteen pits being devoted to tho reception of one day’s production, 
tho period required for annealing being three days. By this arrangement, when the hist two rows 
of ovens are charged, the first two rows can bo emptied and refilled, so that the work proceeds 
without interruption, and in regular rotation. Two hydraulic cranes, with the booms revolving 
upon a fixed post, are placed upon tho floor, and command tho whole area oocupied by the ovens. 
The boom of each crane is moat* double, and upon it rims to and fro a small carriage, from whioh 
hangs the chain, carrying at tho lower end the hooks by which the a heels aie handled. This 
attachment consists of three arms, with flattened ends turned over so as to grip tho wheel. Tho 
upper ends of these arms are hinged together, and us they tend ala ays to fall inward, they hold 
tho wheel tightly, hut by moving a single attachment the arms are thrown outward wnen it 
is desired to release the wheel. The motion of tho cranes is controlled by one man, fixed stops 
being provided on the guiding apparatus, so that when the crane is adjusted for filling one oven, 
it remains in that position till it is thrown over to the nekt 

Tht ovens or annealing pits ore cylinders of sheet iron in. thick, about 66 in. in diameter, and 
of sufficient depth to contain, easily, eighteen whoels with cast-iron distance piices between them. 
They are lined with brickwork, and being of considerable depth, they descend into a lower floor. 
TJie lower part# are t nrlo-ed in a large rectangular chamber, one for each set of ovens. Within this 
chamber, and for a short distance above it, firebrick is used instead of ordinary brickwork as iu the 
upper portions, and within tho cylinder a circular foundation of brickwork is sot, upon which are 
placed the wheels on King lowered by tho crane. The whole of this weight then is transferred 
direct to the foundation of the building. At tho end of each of tho three rectangular chambers 
already mentioned is a furnace, and each chamber is divided down the whole of its length by 
a perforated flue; through these perforations the heat from the furnace passes and enters the lower 
ends of the ovens. These furnaces are required to protent the too sudden cooling of the castings, 
but only J ton of coal is burned for each full day** production. Flues leading to the chimney carry 
off the heatod guae from the upper part of the ovens, and so the process of oooliug is thus very 
gradually carried on, until at the end of three days the wheels aro ready for removal. The three 
large annealing pits mentioned above are somewhat differently arranged. To save room, they 
are not carried down so low as the otlnr owns, but terminate at a height of about 7 ft above 
tho floor, each being supported upon a central column. When they are used, a fire is lighted in 
the bottom of ouch pit, the wheels are plaoed iu and covered over, and the ovtn is allowed to eool 
giadually. 

On boing removed from the pit the wheels are taken into the cleaning and testing room. 
Here the sand is removed, and the wheels tested by hammering under a sledge, as well as by 
a small hammer, while the tread is cut at intervals by a chisel. The heavy blows to which the 
wheel is subjected never fail in detecting faults when such exist, and when they are discovered 
the wheel is removed to be broken up. About 10 per cent of the whole production is rejected, 
but occasionally this proportion is very much higher. 

In order to keep the quality of the wheels to the desired standard, a larger number of teat 
pieces are cast every day and submitted to examination. By this mesas an accurate knowledge 
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1 of tbs nature of the wheels, the character of the chill, and other points, is obtained; the 
jdai* are carefully recorded, and if tests are satisfactory the wheels corresponding to the teat 
piece are delivered into stock* If not, they are returned to be broken up The sound wheels 
finally are taken to the machine shop, where they are bored, and if desired fitted with their 
axles. The tools, therefore, in this shop are few in number, consisting of three boring 
machines, a press for forcing the wheels on or for drawing them off the axles, and a number of 

The capacity of Whitm y and Co.*a foundry is 250 whirls p< r tiny. 

The average life of a chilled cast-iron w heel of first class quality is assorted t > bo 50,000 miles 
for passenger, and 100,000 tildes for goods traffic. This is a high* average, ami probably ntuny 
wheels fail before they attain this mileage. The common tmxle of failuio is a btvnlriug away 
of the surface w the tread in spots, until large portions of the chill boeqjnc pitted in thnllow 
holes. The exact cause of this failure has imt yet Ixxm ascertained. In some east s such wheels 
are turned down to a smooth surface, and again plaoM in service. 

Maltm>fe Cast Inm ; CateJtardentmj . — The manufacture of what are known as “ malleable east- 
ings ” ormsists in obtaining a tough, soft, flexible material, resembling wi ought iron, from while 
brittle castings, by what is known as the cementation process. Home means of arriving at the 
same result appear to have been familiar to iron worker* in the Middle Ages, as tliert* are numerous 
examples of mfilhwble castings to bo found in old buildings, but Samuel Lucas, of Sheffield, 
appears to have been the pioneer in modem time* of this impoitant blanch of the iron trade. Ho 
obtained a patent in 1804 “ For a method of sepaiatiug the impurities from crude or cast iron 
without fusing or m< Iting it, and of rendering the same malleable and proper for several pur;*)* s 
for which forged or rolled iron is now used ; and also by tho same method of improving articles 
manufactured of co*t iron, and thereby rendering cast or crude iron applicable to a variety of new 
and useful purpose*.” 

A short desciiption of #o process is thus given in * The Repertory of Arts ’;--* 4 The pig or cost 
iron liemg first made or cast into the form most convenient for tho purpose for which it i< intended, 
is to la* put into a steel-converting or other projnr furnace, together with a suitable quantity of 
ironstone, iron ore, some of the metallic oxides, lime, or any combination of tho«o, previously 
reduced to powder, or with any other substance iiqmblo of combining with or absorbing tho earlsm 
of tho cruuo iron. A dogree of heat is to lx* tin n applied, so intetise as to effect a union of the 
carbon of the cost iron with the substance made use of, and continued ho long a tune as shall !>o 
found n<*cessary to make the cast iron <ither jMirtially or perfectly malleable, according to tho 
purpose for which it is ink tided. If the casting is require! to l>e pcrf«*etly malleable, tnrni one* 
balf to two-thirds of its weight of tho other HiiWtmnoH wdl lx? found licet saury, but a much less 
quantity will suffice if ptrtml malleability only is desired.” 

Toward* the close of the pieces* the heat must be very grout. Tho duration of the heat, Its 
degree, and the proportion of tt « k substances to Is* employed, depend iqxm a variety of circum- 
stances, “u know huge of which,” the patentee n marks, “can only be obtain! d by cxneru mv, H 
For small articles the intensity and duiation of the heat required to produce the malleability are 
less than for laige castings. Such articles may be arranged in alternate layers with the other 
substances, separated, howevtr, from a< tual contort by an intervening thin layer of sand. 

Malleable cast iron will take a certain amount of jxdihb under the actum of emery and rouge, 
but not so good a js»lish as east steel. In the lathe it works about as easily us wrought iron, but 
tho Usd blunts rather more rapidly. Thin piect s may Ixi bent double when cold, Imt seldom cun Iki 
bent l>uok again without breaking, It can Ihi forged to a certain ext* nt when at a modi rate real 
heat, but if heated much beyond that, it breaks m pieo< h under the hammer 

Two phs'cs of malbahle east iron may Is* burnt together at a tcnqicraturo npproiudung fusion ; 
or can Ihj brazed to eithtr wrought iron or steel with hard soldi r. If piling* d red hot into wider 
it is hardened, but to an unctrtum and vmi d»le extent Malleable cant iron is very soft, flexible, 
and far fiotn brittle; it will only w»ld with difficulty, if at all; its fr.ictun is dull gny, and 
uniform. Specific gravity alsmt equal to cast iron, if iui> thing a trifle less. 

Most authors say it is docarburizution by winch nod iron is mullcuhh i/ed in this process, but 
Mallet doubts this, and remarks that by annealing wliito brittle cast iron either m lucmatite, 
chalk, or sand, wo obtain not so much a chemical change os a molecular change in its constituent 
part Hus. 

Tho uses for malleable castings arc daily extending and there is scarcely a trade connected 
with domestic or manufacturing appliances which docs not hirgely < inploy this valuable material, 
so superior to ordinary cast inm for most purposes. One of the mo*t important applications of 
malleable iron is for the manufacture of toutlic 1 wheel* for machinery, but the process cannot 1x3 
relied on to pnxluce a really tough metal when the « anting* are v. ry largo, or have any consider- 
able portion* exceeding 2 in. in thickness. U rtaiu qualities of cast iron may 1x3 rend* rod stronger 
and tougher by the addition, in tho cupola, of a pro|x>rtion of wrought iron, stoi 1, or maugunoso; 
this metal is said to bo lx tter adapted for spur-wheel* than e/numon cast iron 

Tho general routine of the procew* of making malleable easting* is os fid lows; —The pig iron 
Is melted in and run from clay crucible* into green or dry sand mould*, and where the articles aro 
small, snap A^Im aro much used. The casting* are removed from the mould*, and chanxl from 
•and by brushing, by shaking in a rattle-tamd, or by similar m* on#, and are then placed in cast- 
iron saggers, with alternate layers of ixiwdered red haematite ore, or with fine iron scab* from the 
tolling mills. The saggers are then p^acwl in the annealing furnace, where they aid exposed to a 
gnidually increasing degree of b<at, until a full red heat is attained, after which they are allowed 
to cool down. The articles are then removed from the sagger*, cleaned from the hminatite powder, 
and an far as rendering them u malleable ” is concerned, the prnoetm is oomplried. 

The pig iron employed is almost invariably lusmatte ; for large castings white hematite pig Is 
•elected, fca^pnall articles mottled pig. In England, Cumberland iron and irons from the Barrow 
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fled and Iron Company's Works am largely employed; while in America they prefer the best* 
brands of cold-blast charcoal mottled irons, Nos. 4 and 5 Baltimore, or 5 and 6 Chicago, having an 
excellent reputation. 

It is essential that the pig shall be white or mottled, not grey, and it is not uncommon to melt 
np a quantity of scrap, men as wasters, gates, and fins of white mm. 

The day crucible* in whioh the iron is melted are frequently made in the foundry; they am 
heated in several ways. In the case of large works, the gas regenerative furnace is the most 
economical apparatus for melting in the crucibles, with which any desirable temperature can be 
obtained and regulated. 

When the articles to be oast are of greater weight than, say, half a hundredweight, the pig is 
occasionally melted by coke in a small cupola, with fan -blast. 

But tiie most usual form of furnace for ordinary work is the common air-fumacd, with the grate 
and ash-pit below the crneible. 

In making the moulds for small articles in malleable iron, the runners are nearly always 
formed in the parting of the box, and both gates and runners are made as small as possible; 
fiat, wide, and thin in cross-section. This is rendered necessary from the rapidity with wbich the 
metal cools, causing it to contract, and frequently to break off from the gates very quickly after the 
metal is poured. 

For small articles it is not usna1 to face the moulds, as the metal must be poured at such a 
high temperature that facing would be useless; the small stream of metal, however, is so rapidly 
oooled in its passage through the mould, that it is not indispensable for the sand to be as infusible 
as it would be required with larger work. 

The amount of contraction appears to be greater with these castings than with soft east iron ; 
they are very brittle, and should nave a white crystalline fracture. 

For small work parting sand is not used for the boxes, but flue dry powdered day; the moulds 
arc generally driid m small stoves, heated by coke, or the waste heat tram a crucible furnace. This 
operation takes but a short time. The castings must be raked, or if very small, sifted, out of the 
saud when cool, and must then be cleane d from sand, which can be easily effected, if the articles 
are of a convenient sha]>e, by rolling them over each other in a barrel called a tumbler or Tattle- 
band ; or they can be denned by hand, or immersed in a bath of dilute sulphuric acid, after which 
they must lie washed and dried. Kunners or fins on the castings have to be chipped off with the 
edge of a steel iridsi 1, ns they cannot be filed away. 

The annealing j>ots are cylinders, preferably of cast iron, about 12 in. diameter, by 16 in. high, 
with loose covers dropping in. This size is well adapted for small articles, but for special purposes 
the pots are frequently made of wrought-iron plates, which, however, will not stana the action of 
the aniieiiliug furnace more than three or four times, whilst the cast-iron pots will* frequently serve 
for twenty annealings. 

The muterial most frequently used for filling in the pots lx tween the tiers of articles to be 
annealed, is red luematlto ore, which is ground aud sifted through a mesh ot about an tighth of an 
inch, tho powder not being used, or if iron scabs are employed, care muet be exercised to keep them 
free from dirt. 

A certain quantity of fresh harniatitc, or iron scale, should always be udded, to any that has 
before beeu used, without the latter has been newly ground up. 

A layer of hasmatite, or iron scale, is spread o\er tho bottom of the pot; on this the first row 
of casting* are plao*d, *aoh article perfectly isolated and imbedded in the luonmtite, then another 
layer of almut half an inch of the luematite, then another low of castings, and so on until the 
pot U nearly full, when it is covered up nearly flush with haimatito, upon winch the cover is placed, 
and the pot is ready for the furnace. 

In arranging the pots in the furnace, those whioh contain the largest work should be plaocd in 
the hottest part, ami the pots should be marked or numbered, as a guide to the furnaceman as to 
tho amount and duration of the heat to which they si ould be subjected. 

As before mentioned, the duration of the operation depends upon tho size of the articles, but the 
usual plan is to heut the pots gradually to a bright red, at which temperature they must he kept as 
uniformly as |xmsiblc from sixty to eighty, or even ninety hours, after which they are allowtd to 
cool down gradually in the furnace for ubout thirty hours;* they are then removed, and allowed to 
get quite cold before faring emptied. 

It the castings are removed from the pots fa*f«*re they are cool, they will not have such a good 
appearance us it allows! .to cool m tho pots. It is mfvisuhlo to avoid placing large and small 
articles m the same jx>t. as they require to bo id the furnace different periods, and the large articles 
may require to l>e annealed a second tune if this is done. 

After the eastings have been pre»pe»ly anneal**], they are coven*! with a film of oxide of 
different odours. These various colours of the oxide are a sign of good malleable*. This adherent 
oxide is removed from tin* oustings by another passage through the rattle-barret, and the process of 
malleable iron making is finished. 

In every heat or annealing operation, the scales pert with some of their oxidizing qualities, and 
befbro they are again used they must l>e pickled and reox id bud This is done by wetting thorn 
with a solution of sal-ammoniac and water, and mixing and drying tfum until they are thoroughly 
rusted, when they ax*' again ready for use. 

Case-hardening is a moans of superficially hardening castings, and is efibotod by placing the 
articles that are to bo hardened, after faring fiuialied, but not poind* d, into an iron box, between 
layers of animal charcoal, such as hoofs, horns, leather, or skins, burned and pulverised, taking 
mm that each article is completely enveloped in the charcoal When the process is conducted on 
a large scale a ptoper ftiroaoc is used. The materials consist of 90 per cent of charcoal, the 
remainder faring either carbonate of potash or of lime. The article* arc peeked in this material in the 
usual maimer, any parts which it is desired to prevent becoming case-hardened, Mjjfc previously 



GAOT JBGN. 


Wd wife day. The box is mtde tight with a lute of equal parts of clay and send* placed 1m the 
ink and kepi el a light red heel for snob a time as will give the required depth of OMe*hardening v 
which may vary from half an hour to two boon or longer. The articles are then plunged into 
water, hut if they are liable to buckle out of shape, they should be earefaUy put into the water, 
end first 

To case-harden cast iron quickly, bring to a red heat, then roll it in a mixture of equal parts of 
powdered saltpetre, ad-aiusnoniae, and prussiutc of potash. Then plunge it mto a bath containing 
4 ounces sal-ammoniac and 2 ounces pruasiate of potash to each gallon of water. 

Another plan is to heat the articles, after polishing, to a bright red, rub the surface over with 
pvusstate of potash, allow them to oool to dull ml, and immerse tiiora iu water. The following 
mixtures are also employed in some shops ;— <«) 3 pruasiete of potash to 1 sal-ammoniac ; or (ft) 
2 sal-ammoniac, 2 bone-dust, and 1 pruasiate of potash, 

JFhe length of time the articles tire allowed to remain in the furnace varies according to their 
else and the depth to which the steeling is desired to penetrate. If there are two rotort* they oau 
be charged and drawn alternately. 

Coating Iron on to other Metals . — It is occasionally desired to unite other metals by moans of oast 
iron, or to fix ornamental castings on to light work, made of wrought iron or stetd. 

Such a process cannot be ptaetised with cast iron ujion any of the other useful metals than 
oast iron, wrought iron, or steel, os all tho other metals, at all commonly used, lmvo welting 
points so much below tiiat of cast iron, that they would not boar coming in oontaot with liquid 
cost iron. 

Sometimes non -metal lie substances, such as grindstones, arc hold iu shape by rings or bands of 
iron cast round them. 

When iron is cast upon or around solid wrought iron or stool, certain changes are brought about 
upon those metals. The cast iron, when thus brought into contact with the comparatively <*xd 
surface of the solid wrought iren or steel, will of course bo “chilled ” at and around all points of 
oontact. It will therefore bo harder, more brittle, and much less tough in those parts; and this 
result will occur wherever liquid oast iron comes in contact with either solid cast iron, or wrought 
iron, or steel. 

When wrought iron is employed it is fonnd to undergo a certain amount of deterioration, both in 
toughness and cohesion, becoming of less value for structural purposes where those qualities are 
requir'd. 8b cl suffers in the same manner, but to a much less extent A bur of cast iron, east 
round a core of wrought iron, will be found little, if anything, stronger than a simple bar of cast iron 
of the same tdxe. Consequently, where the full strength ami toughness of these metals arc required, 
easting-on should be avoided, and especially in any work which will be exposed to suddtn shocks 
or varying straidl. 

But a very large number of useful and ornamental articles, requiring little absolute strength, 
can lx* most readily produced by the process of casting-on, such as hand-mil ings, window frames, 
jmncU, hat and umbrella stands, bedsteads, or ornamental gates. 

One well-known application of this process is Moline’s invention for the combi nation of wrought 
and oust non in the manufacture of window frames. The sash-bars uro formed of wrought iron, 
rolled of any light und convenient siction, suited to rooeive glass; these bars ore uuilud by 
ornamental oa4-iron Iiohki h. 

An iron pattern is firet made, from which a sand mould is obtained, tho wrought-irou burs are 
cut to the inquired lengths, and placed in the mould, with tin ir ends nearly touching; over tlieso 
ends the mould of the boss is plucml, wliicli must Is* suiliciently largo to cover them, no that when 
cast on, the tamsea shall firmly unite the wronght-ir<>n hnrs The«o windows ran be readily made of 
any usual size or si tape, und are cutely flx»*d. ’rimy me light iu Ap)>curaiicc, and comhine the 
strength of wrought iron with the ornamental character which mu 1st easily obtained by the addi- 
tion of cast-iron flowers, scrolls, armorial bearings, or otlu r ornaments. 

For omameniitig wrought-irou railings, two ways of applying cast iron may lto mentioned. 
Either the wrought-iron bars may lot placed iu the moulds, and the ornament* cost round their 
ends, or the ornament* may U* cast in green-sand moulds, con d out to fit the wrought-irou liars, on 
to wlucii they are afterwards fixed by an alloy of zine and had. Lcitd alone is to be avoided, as it 
sets up a gulvamc action, and ussists tlie formution of rust. 

If cast-iron chill moulds art used foi the ornamental castings, tho ornaments will naturally lie 
rather brittle ; in most cam s this will be found of little consequent, but where itisdonired to avoid 
brittlemas, the work can ite placed in an annealing men, when the cost iron will be inode into 
malleable cast iron, without prejudicially affecting the wrought iron, if any is used iu conjunction 
with the cast iron, as is frequently the 

Burning-on is occasionally practic'd, for tho purpose of ornamenting wrought iron with i 
volutes, or twisted forms, l/son mould* are ma<le, and when thoroughly drie<i, are applied to that 
portion of the wrought iron which it is wished to burn on to; cast iron is then j toured through tho 
moulds until the wrought iron is brought to a welding bent; ]M>uring is tliou ceased, and the cast 
iron, when cooled down, is found firmly affixed to the wrought iron. 

For ornamental east-iron railings which are designed with oomjtaratively heavy pilasters and 
bars, having the intervals between them filled iu with light ornamental work, tho two should not 
be cast at one and the same time, otherwise the light work will be almost certain to break away 
from the heavy, owing to the umqtiat contraction in asdiijg. The ornamental work should be oust 
first of fine, soft, fluid iron, and lie provided with small fitting pieces or lugs, at convenient points 
for fixing to the heavy bars or uprights. 

Coat these lugs on the fine work with clay and blackwasb, place it In a send mould, and cast the 
hflwvy work round it. By so doing the iron will not be liable to fracture from unequal contraction 
and expansion ; but brittleness is another danger to apprehend, which shows that very ornamental 
fine work, wmch is usually costly, should be avoided in all public thorouglifarea. 
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Btnning«on If sometimes of service In repairing a broken or damaged ousting, but the pvooem if 
neither applicable to due delicate work, nor to cases where the sise and shape of the original cast* 
ing most m strictly preserved, as in a cast-iron wheel, which would probably be twisted out 
of shape, by the expansion ana subsequent contraction of the metal, during the operation of 
burning-on. 

But a piece of machine framing, the necks of rolls, or a standard which has been broken or 
found defective, may be repaired as follows First out away the defective parts down to the sound 
metal, build a coke Ore round the part of the casting which is to be repaired, until it is brought to a 
bright red heat, then dust over the surface of the cut metal with powdered glass or borax. Then apply 
a hollow loam mould of the desired part to the costing, properly secured in position, and provided 
wfth a hole for the exit of the metal. Pour very hot liquid cast iron into the mould, and allow it to 
flow away, until the cut surface of the original metal of the casting can be felt with an iron bar to 
have become soft and pasty, by contact with the hot liquid iron. Then stop the exit hole, and adlow 
the metal in the mould to set. If tbe operation has been properly performed, the casting should 
ring, when struck, with the same sound as a single good casting, thus showing that the old and new 
metal are perfectly united. 

Where portions of large castings reouire to be removed for ibis burning-on process, the easiest 
mode of doing it is, to cut the casting whilst at a chorry-red heat, with a rapidly revolving circular 
saw, such as is used for cutting off the crop-ends of rolled rails. 

Oast iron may also be bent to a considerable extent with safety at a cherry-rod heat, whioli 
quality is occasionally of service, in remedying variations from the desired shape, arising from con- 
traction in cooling. The bench or surface on which such bending is to be performed* must be 
constructed of non-conducting material, bucIi as baked fireclay, otherwise the it on will part with 
its heat too suddenly, and break rather than bond. 

Holes occnsionally occur on the surface of a casting, which, although not of sufficient importance 
to mako it advisable to reject and break up the casting, are unsightly. Liquid cast iron may be 
poured into such holes, the buiktHuous motul being removed by an iron straight-edge. It is usually 
preferred, however, to fill up those cavities with un alloy having a similar appearance to the cast 
iron, but much more fusible. 

CEMENT, CONCRETE, LIMES, AND MORTAR. 

Limes .— Lime or protoxide of calcium occurs most frequently in combination with carbonic acid, 
as carbonate of lime. Girbonate of lime is insoluble in pure water, but if the water contain car- 
bonic acid, bicurtmnato of lime is formed. This solution can lose by evaporation half its carbonic 
acid, when an insoluble carbonate is formed, this action occurring naturally in the formation of 
stalactites and stalagmites, and in the formation of calc-sintcr in so-called petrifying waters. This 
notion may take place when lime is used in certain cements. When carbonate of lime is ignited ut 
a white bout, the carbonic acid is disengaged, and protoxide of calcium or caustic lime remains, 
100 parts of carbonate of lime yielding 50 parts of burnt lime. Burnt lime is the common com- 
mercial form. If carbonate of lime be superheated in a closed space it melts, forming a crystal- 
line clinker of an afterwards unalterable carbonate. In burning, lime undergoes no diminution of 
volumo. 

The burning of lime is effected in kilns, in field ovens, and in lime ovons, descriptions of which 
have ls*en givon in this Dictionary. 

The quality of the burnt hmo of oourso depends ujion the eonstitution of the limestone burnt. 
A limestone containing a high peroontage of pure carbonate of lime yields a fat liwo. Limestone 
of similar constitution to dolomite, containing magnesia, yields a poor lime, which forms only 
a thin pulp with water. 10 j>er cent, of magnesia rendors the lime appreciably poor, and 30 per 
cent, causes the lime to bo useless. 

Burnt lime so easily slakes with water that 100 parts of lime require only 32 parts of water, 
or 3 volumes of lime to 1 volume of water, the combination attaining a temperature of 150° O. 
The result of the slaking is lime meal or powder lime, a hydrate of protoxide of calcium, which 
exceeds in volume three times that of the lime slaked. If lies water is uddid than U requisite for 
the formation of the hydrate, there results u sand-like powder of no technical value. For this 
reason, lime should not be placed in basket* exposed to moisture. For building, the lime is slaked 
with ono-third its weight of water, and an equal quantity of water is udded to form a thin pulp, or 
cream of lime. 

Cream of lime mixed with sand forms mortar, whieli may be either air-setting or hydraulic 
mortar. Limcstouo containing more than lo }>or cent, of silica, when burnt and made into a 
mortar, hardons under water. 

W, Mead converts lime that has been used in the purification of illuminating gas into caustic 
limo. The spent limo is pressiHi into bricks or blocks by the same means as are employed for 
forming ordinary bricks. These bricks are plan d in a convenient kiln, and subjected to increasing 
heat sufficient to drive off the moisture, ammonia, carbonic acid, and sulphur which the lime has 
absorbed in purifying the gas. 

The difficulty ex|>erionoed in relmming lime of this character has arisen from its powdery 
nature, by which the permeating of the mass by the flame is .prevented. By pressing the 
limo into brick* this difficulty is avoided. The lime is taken as delivered from the purifying 
boxes, and is pressed. Fire is now started in the fin-box, and the bricks are burned in the same 
manner as elav bricks. The length of time necessary to drive off the moisture, ammonia, carbonic 
acid, and sulphur depends somewhat upon the sise of the kiln and the intensity of the heat 

Thd bricks will shriuk in site as they lose carbonic acid, sulphur, and the like, and from inch 
shrinkage it can be ascertained when tho burning is finisb^l ; from 20 to 36 hours are sufficient. 
By this process the lime may be used an indefinite number of times, as by each burning ilsis 
converted into oaustic lime, only requiring slaking to convert it into the hydrate and lit it for the 
purifying boxes again, or for other purposes for which caustic lime is used. ft 
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D. Michel manufacti mm hydraulic limes and oements by subjecting the raw materiel! to ft 
speoiftl treatment with acids. 

Instead of keeping the heat of the kiln in which the materials are calcined within certain limits, 
it is raised so as to over-burn the products. The first lime, which is iu excess, is extracted, and fhe 
nodules then subjected, as well as the under-burnt remainder, to the action of a bath of dilute 
hydrochloric acid. The proportion of acid will of course vary with the amount of lime contained 
in the under-burnt portion and nodules, but it should not exceed on an average 3 or 4 per cent. 
The proportion should, in all cases, be determined with accuracy by a preliminary test and a 
previous analysis of the raw materials. The nodules and under-burnt portion are allowed to 
effervesce in the acid baths until quite oool, and are then dried m a furnuco nutil fit for grinding in 
the ordinary m&nuer. 

Hydraulic cements and limes may therefore bo over-burnt without injury, the umler-burut 
portion and nodules, which in the ordinary proofs of manufacture arc wasted and cause consider- 
able taw, being utilised for the manufacture of hydraulic limes and cements of first quality. 

Ifortar.—Sinked lime exnoacd to the atmosphere absorbs carbonic acid, shrinks, crooks, and 
when perfectly dry is of the hardness of marble. On account of the shrinkage it is necessary, in 
order to form mortar, to add sand or some similar material. Angular or sharp sand makes a tena- 
cious mortar, whilst round-grained sand yields a brittle mortar. The proportion of sand to lime 
depends upon the nature of with materials. 

The drying out of the wafer from mortar is not the only cause of hnrdoning, ns may bo readily 
learned by drying mortar by artificial heat The sitting 1ms been accounted for by supposing the 
formation of neutral carbonate of lime, which does not convert to ordinary carlnmatc. But this 
theory docs not agree with the mulls of analysis, as 20 to 70 )tcr cent, of carlMmic achl has been 
found in mortars. No theory covi ring the ground fully lias yet Wn advanced. 

Mortar formed with hydraulic lime is termed hydraulic mortar; hydraulic lime is a mixture of 
carbonate of lime with silica or a silicate, gmu rally silicate of alumina. 1 hiring bunting, hydraulic 
lime undergoes a change similar to that which occurs when a silicate insoluble in ucid is precipi- 
tated, while applying heat, by an alkaline carbonate. Hydraulic mortars are composed with a 
thin pulp of lime, to which sand is mbits!, or by mixing air-setting mortar with comont. 

Iu some experiments carried out at Bangalore, ludm, by K. Nicholson, the bricks, although of 
good quality, were often unable to bear a strain siitllcicnt to rupture the mortar. With 17 to 22 lb. 
a square inch the bricks showed a tendency to peel. In the course of the cxjiorimcnts, it was found that 
the adhesive strength of the best cement was m variably greater to stone than to bricks, m the uverago 
proportion of 1 *7 to l. In using mortars consisting of sand and fat lime, in the proportions of 1 shell 
lime paste, 2 sand, the best results were obtained when the bricks were soukid for a few seconds 
only. In mortars of fat lime and hooikto, or pounded brick, the adhesive strength deemua s with 
an addition of suorkee l>c\oud 1 pari, hut diminishes still more rapidly when diluted with sund, 
while for femsiie strength the proportion of soorkee is unmq>ortiiut, the cement being as strong with 
sand as without. The best soorkee cement for masonry is made with 1 of soorki e to 1 of lime paste 
or an equivalent quantity of slaked lime; uftor twenty-eight days’ immersion it is of gi outer strength 
than the liest bricks, uud withstands u disruptive foice of t>0 lb u square inch. When rapid si tting 
is an object, the proportion of soorkee may oe increnm*d to 2 parts, but with some Joss oi strength. 
For economy the fonuer e» incut may Ik* diluted with 1J of sand; and with rubble masonry, 2 of 
soorkee may bo used witli 1 of lime jmsto, and the mum nt diluted with 2 j of sand. 

Venn nt. — Cement, or artificial hydraulic mortar, can bo pr» pared trout ordinary limo by adding 
silica. There exist natural cements prepared from tufl-stone, or tmss, a tertiary earth, buying for 
Isute pumice-stone ; Italian pozzolano and sAntorm are the chief of these cements, hut the use is very 
limited. 

The hardening or setting of hydraulic mortars has Is cn studied by ninny eminent chemists, hut 
the hypotheses advanced urc un-atisfactory. Portland cement is considered. by Winkler and Fcich- 
linger, to harden from the chemical action, * flteted with the aid of water, under which tin silicates 
separate mto free lime and into combinations U*tw< cn the silica and the c.»h ium, the alumiuu and 
tnc calcium, the separated lime combining with the enrl*omc m id to form carbonate of lime. In 
Poi t laud cetix nt the silicic acid can l»c represent* d by alumina and oxide of iron. Winkler con- 
cludes that iu all hydraulic mortars tie hardening depends tqion tin* chemical combination 
between the lime and {he silica, as will as b« tween lime and the sihcntcn contained in tlie cement, 
and these views are undoubtedly comet, all hough not definitely proved. 

Fuchs, of Munich, explains by the following tin cry thu reactions occurring in the manufac- 
ture of cement as practised in Germany. The rarlamutc of lime becomes caustic on burning, mid 
acts upon the clay in such a manner that the silicic acid is set fn e l>y means of the cuustic limo, 
and combines with the lime upon subsequent treatment with water, producing a hydro-silicate, the 
presence of alkalies by their substitution through heat favouring the rt action. Cement U stated by 
other German authorities to owe its quality of hardening to the presence of silicates end aluiut- 
uates of lime formed by the action of heat. 

Portland Cement.— 1 There are at present two different methods of manufacturing it. According 
to the wet method commonly practiced in Kngland, the chalk and day ar < first washed in wash 
mills witli harrow tinea, ami are mixed with about five times their weight of water. They are thus 
thoroughly disintegrated, and the mixture flows out of tbo wash mills as a liquid of about the con- 
sistency ot milk. The next process of manuiactu re is tlic scqiaration of the wafe r which has thus 
been mixed with the chalk and clay, in order that the slip or slurry, as the mixture is termed, nifty 
be sufficiently drkd for burning in kilns. The liquid is therefore run into res* rvoirs, or backs, 
in which the chalk and clay gradually subside, and the water above is removed by drainage and 
by evaporation. This process occupies from six to twelve wo* ks» 

According to the dry method, as practised in Germany, the chalk and clay are each ground 
eeparateljyaving been first artificially dried to facilitate the grinding. They are then mixed, and 
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the mixture resulting Is made Into bricks or lumps by the aid of just sufficient water to bind ii 
The bricks are then burnt hi kHus with or without being previously dried. « 

According to Goreham's process the chalk and clay are roughly mixed in a wash mill with a 
small quantity of water only, say from one-fifth to one-third of the total weight The product 
resulting from tills operation is not a liquid, but a mud with coarse particles of undisintegrated 
chalk and clay interspersed throughout it. This mud is then passed through a pair of millstones, 
such as are used for grinding cement after it comes from the loins, and thoroughly oomminuted and 
mixed. It is then immediately transferred to the drying stoves or chambers, without being poured 
Into the reservoirs or backs, and the dried slip is burnt in kilns. A portion of the fuel for burning 
the cement may be mixed with the chalk and clay, and in such case the fuel is added to the other 
materials in the wash mill 

By this process the time, space, and expense is avoided, involved in driving off the excessive 
quantity of water with which the chalk and clay are mixed aooording to the wet way of manufac- 
ture, by effecting the perfect disintegration and mixing of the materials with a small quantity of 
water only, and obtaining a product which can at once be dried by artificial means without the aid 
of drainage or evaporation in backs. The expense incurred in the dry process is avoided by drying 
and grinding the chalk and clay separately, and in afterwards mixing them with water, and fiuer 
comminution and more uniform admixture can be obtained. 

The chemical analysis of Portland cement gives about 80 per cent, of carbonate of lime, the 
remaining 20 per cent, being composed of silica, iron, and alumina. In practice these proportions 
arc roughly attained by a mixture of limestone and clay, of about 4 of chalk to 1 of clay, according 
to the ingredients each material used is found to contain. These are mixed in what are known as 
wash mills. 

The wash mill, Fig. 810, is a circular pan about 18 ft. diameter and 4 ft. deep, usually built of 
brick, with a brick bottom, sunk into the ground and puddled on the outside. On one side of the 
pan is an opening, or m some cast s an overflow ; in the case of an opening this is covered with 
pcifomtod zinc or wire gauze, forming a sieve, so as to allow of nothing passing but the chalk and 



clay which aro held in solution. In the centre of the pan is a revolving vertical shaft, to which is 
bolted a framework carrying the harrows; these have their tinea flxed at different distances from 
the centre, care being taken to arrange thorn ho that no two shall immediately follow each other 
In their course, or in other words, to the santo distance from the centre. The fines are usually made 
of wrought iron, about 14 in. square, and their distance apart must vary aooording to the size of the 
chalk to bo washed, chalk in largo pit cos of course requiring the tiues to to placed farther apait 
than when small refuse chalk is used. The centre shaft, being driven at about 18 revolutions a 
minute, by means of bevel wheels flxed ou the top, and connivUnl to the engine by a driving strap, 
takes the harrows round, and thus mixes or washes the chalk and mud. Some manufacturers 
prefer to have the gearing arranged underneath, in order to allow of a perfectly open space over 
the pan ; but in that arrangement the difficulty of getting at it for oiling, and the quantity of dirt 
which works into the bearings, quite obviate any advantage gained by a dear space above, as the 
overhead gearing, if property arranged, need in no way interfere with tlio workmen. Outside the 
pan is the well A, into which the washed clay and chalk run through the sieve B. If two or more 
wash mills are used, it is advisable to connect them all to one well, so that one pump may lift all 
the slurry from the different mills up to the trough C, leading to tiie backs. One of the difficulties 
attending this part of the manufacture of Portland cement is the continued choking of the pump ; an 
elevator is therefore used. It is simply a succession of buckets fixed upon a continuous band, 
revolving round an upper and a tower arum, as at E E ; the buckets dip iuto the well A as they 
ootne to the tower dram, and take up the slurry, which, as they turn over at the top drum, is 
thrown into the leading trough CL The site and number of the burials depend on the quantity of 
•lurry to be lifted an hour. ^ 
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The proem of washing or mixing isahnple; the chalk and day, measur ad \ w the burrow lo ad, 
#** tipped into the pen mi the point IX Fig. 810, end the water it admitted et the point F, in the 
proxwetkm of about 2 of water to 1 of chalk and clay. The tinet in their revolution throw the 
chalk and clay about, and thereby thoroughly mix and disintegrate them ; and being thus held in 
■elation, the material p a n es through the sieve or over the overflow, as tike ease may be, into the 
well A, in the form of slurry, which is then lifted by the elevator or pump to the leading trough O, 
and'thenoe passes to the beck. 

The backs are reservoirs usually made large enough to contain about 600 cub. yds. of slurry 5 
thus, as 2 cub. yds. of slurry yield about 1 yd. of finished oement, and a back will take from six to 
eight weeks to nettle, it is easy to determine the number required, tho depth being about 4 ft and 
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to the chimney A# A. In most ©uncut manufactories the drying floor is constructed with eoking 
c mm underneath, to that, white drying the tinny, coke to be need in the kilns is manufactured; 
but a simple firegrate it preferable. With that arrangement the cheapest fuel oan be wed, teas 
core is required in stoking, and the loss from bad ooke Is avoided ; the cost of construction is oan* 
siderebly reduced ; besides which, the repairs needed to a coking oven are considerable, as against 
almost none in the other case. It is advisable to construct the floor of such a size as to dry suffi- 
cient slurry for one day's work, so as to avoid loss of labour and fuel ; it should be covered with a 
light roof supported on columns, the sides being left open to allow the moisture evaporated from the 
wet slurry to escape, but at the same time protecting the floor from the weather. The slurry, as 
it is brought from the backs, is laid on the drying- floor in a layer about 5 in. thick, which by the 
evaporation of thd* moisture becomes reduced to about 4 in. when dried; it is then ready to be 
loaded into the kilns to be burnt 

The kilns are circular in plan, and usually of about the form Fig. 815 ; but the shape varies con- 
siderably in different districts. The principal requirements are that they should have a good 
draught, and that their inner surface should be so formed that the clinker as burnt shall fall to the 
bottom evenly and without clinging to the sides ; for when the clinker hangs, its weight necessarily 
brings down some of the inner casing of the kiln, and the kilns, under the moat favourable circum- 
stances, form one of the most expensive items in a Portland cement manufactory, costing as much 
as from 80 to 40 per cent, a year of their first cost to keep them in repair. Perhaps the most econo- 
mical size of kiln to adopt is one largo enough to burn from 20 to 30 tons of finished cement. For 
a 20-ton. kiln a capacity of about 70 cub. yds. is requisite, though many manufacturers, by what is 
called topping, that is, adding fresh coke and dried slurry as the clinker sinks, burn 30 tons in a 
kiln of that size. As a kiln takes one day to load, one day to burn, one day to cool, and one day 
to unload, tho number of kilns required tor four days’ work, is four times the number required for 
one day's burning; but as repairs aie always necessary, it is well to provide a sufficient number 
of kilns to do from four and a half to five days’ work. The kilns are charged through the loading 
holes at the points B U, Fig. 815, with alternate layers of coke and dried slurry, in the proportion of 
one of ooko to two of driod slurry ; and when properly burnt the kiln is opened and allowed to cool, 
and os the clinker is drawn it is taken to the crusher to be broken into pieoea about 1 m cube, 
preparatory to being passed through the millstones. Tho kiln is drawn by knocking out the fire- 
bars, and the charge tailing into the ash pit is taken out aud curried to the crusher. 




Various moans of breaking the clinker are adopted, from the rough and somewhat expensive 
way of breaking it by hand with a hammer, to the most elaborate stone-breaking maohroeTwith- 
out going to tike expense of such a machine, but yet improving on the former method, a pair of 
crushing rollers, aaahowu at K K, Fig 816, may bo adopted with economy. Tlie rollers, made of 
cant iron with chilled faces, are formed with grooves along their entire length, and ere placed 
at such a distance apart as to break the clmkcr to the requisite site. A hopper is placeSover 
them, leading the clinker between the rollers, which, by revolving in opposite directions, crush 
it as it mils between ; the clinker is then led by an inclined plane into a trough, to be lifted by the 
elevator E into tho hopper H, supplying the millstone*. 1 he elevator is on the same principle as 
that for lifting the slurry ; but the buckets are considerably heavier and stronger, and should be 
lipped with steel in order to withstand the roughness of the broken cl inker. 

Th# hopper H, fig. 81M<.«dia*to the uillstoors, riwuld be made with the (idee slope! to • 
sufficient!; steep angle to allow of toe clinker falling easily to the bottom sad into the ^haUaf- 
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trough T. This trough* which it made to shako by meant of a cam 0 fixed on the centre shaft of 
the millstones, allows the clinker to fall gently in between the atones, and the shaking prevents the 
clinker from blocking the lower mouth of the hopper. 

The millstones, generally from 4 ft to 4 ft 6 in, diameter, hare an outer easing of Iran. The 
clinker foiling into the centre of the top stone is token in between the stones* and is gradually 
ground, and led to the outer edge by grooves* such as are usually cut in millstones ; it thenoe foils 
into the outer iron casing, from which a tnvout 8 leads it to any convenient place where it can be 
collected in barrows, and laid on the warehouse floor. 

It is found convenient to drivo the millstones, crusher, and olinkor elevator by one engine, 
driving the mill shaft by means of friction or toothed wheels direct from the main shaft M of the 
engine, this is placed under the her*o floor, which should be about C ft. above the warehouse 
floor. By this arrangement any number of stouee may be driven, by connecting them to the 
abaft by bevel wheels; the bearings are all covered up, and the dust from the cement is kept 
from them. A good inclination can be given to tho spout 8, leading from the millstones, thus 
enabling the ground cement to clear them easily. The elm ator and crusher may be driven from the 
mill shaft or from the main shaft of the engine as found most oomeuient. Kaon millstone requires 
from 8 to 10 horse-power to drive it ; the (tower to drive the elevator and crusher must of course depend 
cm the amount of work which they have to do, hut it may bo allowed that for u four-stone mill atmut 
40 horse-power will be required to drive tho stones, elevator, and crusher. It ia preferred by Faiiu, 
whenever possible, to drive the wash nulls and slurry elevator by separate power from tho rest of the 
machinery, because, besides tho advisability of sometimes placing them at some distance from the 
mill and warehouse. It is always well to ho able to continue Ailing tho books, even when the rest of 
the works are tenqiorurily stopjied. Tho power required to drive a wash mill of the construction 
shown in Fig. 810, with its elevator, would be from 8 to 10 horse-power, and it would wash from 
80 to 90 torn* of slurry a day. 

As the wash mill i* where the ingredient* ultimately formed into cement are first mcor(x>rated, It 
is of tho greatest importance that tho proper projK>rttons of chalk and clay should ho uhihI, and it is 
therefore imperative tlint frequt nt trials should Ini made of tho slurry as it loaves tho wash mill, 
so as to ensure the l wicks lieiug filled with a uniform quality. Tho chalk and clay should also bo 
occasionally analysed, iu order to corn ct any variations that may occur in either. 

The drying process being merely an intoruiediuto stage, assisting in abstracting the moisturo 
from tho slurry, does not cull for particular attention ; hut tho kilns need careful manipulation. 
Curt* must bo taken that tho kiln i* burnt evenly throughout, and when unloading, the clinkers 
should bo carefully sorted, am! all yellow or softly burnt pieces returned to \m plotted on tho top of 
tho next kiln and reburnt ; and only that clmker which is perf«*ctly burnt should bo pusscnl to tho 
crusher to to prepared for grinding. 

Having passed through the millstomw, the ground cement is laid out on tho warehouse floor and 
allowed to cool, being occasionally turned over. Thin mixes the different days' work and gives 
uniformity to the cement produced, and also allows any particles of lime still unshikod to slake hy 
exposure to tho air. The cement should bo left in this way for a considerable time toforo being 
packed, und it will then have bocome thoroughly corded, und there will lie but littlo fear of its 
Mowing when used; curiously enough it will also have iticreasorl in weight and bulk, so that it is 
to the advantage of the mutiufactun r to follow this course, though tho great demand for romont, 
tho sjiace it occupies, and other trade reasons, often prevent this (dan being carried out. 

The quality of Portland cement is usually determined hy its odour »md its weight, in combina- 
tion with its fineness ; besides which it is required to withstand a certain tensile strain when modo 
into a briquette, or small testing block, and to show no signs of ritiior cxjMmsion or contraction in 
getting. Though at present eoiiMdomble diversity of opinion exist* a* to what the test* for fineness 
and tensile strength should be, still, when it is re monitored that the cement should he of one uniform 
good quality, capable of being guug<*l with two or throe or even more times it* bulk of sand for 
use, and that when the w« ight and tinemss me iu Mich probations as to give a good currying 
capacity for sand, the tensile strength is asauit d, it toceuie* |*Whlo to arrange such tests a* will 
meet roost requirement*. 

In colour Portland cement should to‘ of a dull bluish grey, and should have a clean, sharp, 
almost floury feel in the haud ; a course, gritty feel denotes o*a rsc grinding, and the finer a cement 
is ground the more it approaches to un inqmlpable jiowdcr. It should weigh from 112 lb. to 118 lb. 
a striked bushel, and should lie so fine that 80 (ter cent, will pass through a sieve of 2500 meshes to 
the square inch ; when moulded into a briquette ami pbtc<«l in water for seven days, it should to 
capable of resisting a tensile strain of from 300 lb. to 400 lb. u square inch, and should, during the 
process of setting, show in iilier expansion nor contraction. 

A light cement, one weighing from 100 lh. to 108 Ih. a bushel, is intariably a weak one, though 
it may be of requisite fineness ; at the same time a heavy cement, if coarsely ground, is also weak, 
and will have no carrying capacity for sand. As tlie more the clinker is burnt the harder and 
heavier it U comes, and therefore the more difficult to grind in the millstones, the heavy c< merits 
are almost invariably coarse ones, and a* an under burnt cement from its softness will to ground 
fine enough, but will he deficient in weight, it will to seen that the weight, unless token in 
conjunction with tho fineness, is no test as to the quality of the cement. It will therefore lie 
found advisable to adopt a medium weight such as already mentioned, namely, from 1 12.1b. to 118 lb. 
a linked bushel. 

Expansion, which is doe to the cement being too hot, is met with most frequently in very 
heavy cements, from their containing in their original erode form a large proportion of lime, 
which does not get thoroughly removed iu the process of burning in the kilns; smalt particles 
consequently remain unslaked, which slake when the cement is gauged with the water for use, 
and these eventually blow in the work, causing a general expansion. An under-burnt cement, or 
one that is^ised too toon after it has left the null and before it has had time to cool, will show the 
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same defec t , The most dmple tat for detecting expansion in a oemeot, is to make email pate with* 
a trowel, about S or 4 in, square, end place them la water when set sufficiently, where they should 
remain a few days. If the cement be good, they will show no alteration in form, but any crack! 
showing on the edges, or other deviations from the original shape of the pats, indicate that the 
cement is of thk expansive nature, and therefore not to be trusted. But because a cement will not 
stand this test, it is nut in all oases to be oomlemued as useless, as its expansive or blowing 
property may be attributable to its being used too soon after leaving the mill ; a proper process 
of cooling, placing it in a thin layer on a dry flo>r for a short time before using it, will correct 
the defect 

Contraction, due to tho cement being over-clayed, may be detected by a similar test to that 
for expansion. 

J. B. White and A. Glover have effected improvements in the manufacture of Portland cement, 
relating to the drying and burning of the wet slip or slurry from winch the cement is produced. 

For tl is purpose kilns of smaller dimensions than is usual arc empl >yed, covered at the top with 
an arched dome, through which is an opening for charging the materials into the kiln, and also 
other openings for allowing the heated gases from the kiln to pass into a due or drying chamber on 
the ground level. The chamber may be divided by a horizontal partition of tilts, on to the top 
of which slip or slurry, containing, say, about 40 (>er cent, of water, as prepared by the Goreham 
process, can oe pumped. A farther quantity of the slip or slurry is also pumped on to tho top of the 
chamber, which consists of iron plates. 

The heated gases as they conic from the kiln are caused to pass along the chamber on the 
under side of tlie horizontal jmrtitiou, and at the end of the chumbcr to rise up to the top of the 
chamber aud pass back above the partition and are afterwards led away by side optnmgs to a flue 
leading to a cminuoy. By thus construction of kiln and drying flue the heat of tho gases evolved 
m the burning of a charge in the kiln is utilized, and without using more than the minimum 
quantity of fuol necessary for the proper calcination of the Portland cement, the heat given off is 
more than sufficient to dry the quantity of slurry required for tho next charge and burning off of the 
kiln. The tdzo of the kiln, about 11 ft. de»op and 10 It. diameter at top, allows of ils being charged 
or loaded from the loading eye or owning at tho top, instead of, us is usually the case, requiring 
men to descend into the kiln to load it The advantage of this is absence of delay, which enables 
a much larger quantity of cement to bo got out of this size kilu weekly than is usual. The burnt 
ccmout is drawn off from tho bottom of the kiln. 

Instead of the drying flue being divided by a horizontal partition, it may be formed without 
this partition, and slip or slurry be pumped on to the top only of the flue; m this case, vertical 
lMirtitums are used to oause the gases to travel to tlie end of the flue, along one of its sides, and then 
back on the opposite side. 

Iu Figs. 817 aud 818, A A arc the kilns arranged in two parallel rows, with a flue B between 
them, loading to u chimney 0; one row only of the kilns is shown, tho other row is ranged in the 
same way on the opposite sale of tho flue. I> 1) aie the drying thus, one for each kiln. Tlie flues 
are similar in their construction to flues used for drying slurry. The gases from the kiln enter tho 
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flue through openings E, and pass along under the horizontal floor F, which divides the flue hod* 
xontally, and at tho end of the flue they riee up and pass back over the top of the slurry, which is 
on the floor F, and descend by flues B* to tlie main flue B, entering the chimney at a temperature 
of about 200° and carrying with them the steam evolved in drying the slurry. The tops of the 
fines V are covered with plates G, upon which slurry can also be pumped. Each kiln is charged 
through an opening H at the top, dosed whilst the kiln is being fired. Each kiln is circular in 
plan, having a chamber of about 10 ft diameter at Us upper part, and of a depth, from furnace bars 
to the loading eve H, of about 11 ft The top of the kiln is corned by a semkireiilar dams, 
which is entirely below the dosed top of the drying flue. 
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When a *h*i§t has been burnt In one of the kilns, it is withdraw* at the bottom into a tmmsl 
% through which itcan he conveyed away* 

* Amongst the advantages derived from the nee of kilns and drying floes arranged in this manner, 
it Is pomible to throw in the dried stuff that hat to be burnt without injury to the material by 
breaking, and to avoid the neoeadty of men entering the kiln and stirring it by hand, requisite with 



the larger end deeper kilns ordinarily employed to avoid breaknge, and also of Urn kilns being rapidly 
charged and drawn* The kilns )*\mg built clow' together with un opening only for charging and 
one for drawing, neither the kiln nor the chamber with wliioli it is connected ever got really 
cold. This peculiarity, joined to the underground construction, which prevents all loakngo and 
absorbs the a hole of the burnt products, penults the kiln to be charged and drawn twioo in each 
week, and consequently to yield weekly as large a (juantity of clinker as is usually obtained in that 
space of time from a kiln of doable the cubic capacity. A considerable diminution in w*ar and tear 
of the kiln is also obtained consequent on its not Inung allowod to cool down, and to undergo the 
alternate contraction aud expansion which results troui such cooling. 

W. 8. Akcnnan manufactures an hydraulic cement from lump aud ground hluo lias limo. Shales 
and limestones are carefully selected w ltb a view to their containing lti the aggregate, alter preliminary 
calcination, the proportions of limo, alumina, and silica usually employed in the manufacture of 
Portland cement, and such shales and limestones as do notvary widely from such proportions are pre- 
ferred. The limestones and shales art' then burnt, either sepamfc fy or together, in ordinary lime- 
kilns to the inferior limit of calcination, and the burnt product ground between ordinary millstones 
to a fine powder, care being taken that the burnt product* are thoroughly mixed, either lieforo or 
during the grind iug operation. Tho powiier produced is allowed to alworb os much water os it 
will, no mixing while in a wet state being necessary, and after the hydration is completed, it 
immediately oommonces to set, and in a very few days bocomcs perfectly hard and dry without tho 
aid of artificial heat. The product ia again burnt, this time to the sujHjmr limit of calcination, and 
ground, and is then fit for use as hydraulic cement. In tho matter of phitit,no wash mills or mortar 
mills, hot plates or drying sheds, or reservoirs are required. 

R. O. White and J B. White have reduced considerably the cost of manufacture of Portland 
cement. Chalk and day in the natural state are taken, and without water, an intimate admix- 
ture obtained, by placing them together in a hop|K*r, from which they pans to a series of pairs 
of crushing rollers. The materials us they leave the liopner liavo first to poos through a pair 
or pairs of fluted crushing rollers, to other pairs of plaiu roller* placed closer and closer together, 
ana running at increased surface s{ieods. By this means the materials are reduced to a thin 
sheet, the chalk to a thoroughly disintegrated state, and mixed with tho day. After the mutcriuls 
have thus been crushed and mixed together by means of rollers, tliey are moulded into bricks 
to be burnt in any ordinary manner, no fut 1 being mixed np with the materials of which tho 
cement is composed. A convenient arrangement is as follows ;-~4t the ton of the machine Is 
a hopper into which is fid chalk and clay, in proper proportions, and in the raw state in 
which they are obtained. The materials descend from the hopper to a pair of horizontal rollers 
fluted longitudinally. Those rollers are about 12 in, in diameter at the point of tbe flutes, and 
are adjusted to work at 13 in. apart from centre to centre, and to make about 10} revolutions a 
minute. From these rollers the materials descend to a second pair of fluted rollers of about 
the same diameter, placed closer together, say, about 11} in. from centre to centre, and making 
about 24 revolutions a minute. From these, the materials drop to a pair of smooth roller*, about 
1 ft 8 in. in diameter, A in. apart, and making 39 revolutions a minute ; from these again to 
another pair of rollers placed still closer together, say about A in. apart, 1 ft. 9 in. in diameter, 
and driven at about 58 revolutions per minute. All these rollers are 3 ft long. From the last 
rollers the materials drop to another pair placed still closer, say about ^ in. apart, 2 ft. 8 in. in 
diameter, and driven at still greater surface speed, or 88 revolutions per minute ; they are also set 
at right angles to tbe other rollers, and are 4 ft filn.lcog. The stream of materials descending on to 
these rollers from the rollers above them becomes doomed or gathered together, and is intimately 
mixed. A very perfect mixing of the materials may be obtained even if the last pair of rotten 
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me placed la a line with the other rollers, And not at right angles to them. A semper, is by means 
of o weight or spring, held up to the under side of each of the several rollers to prevent the material 
being earned round with them, and at the ends of the spaces between the several pairs. of rolleih 
there are end plates which prevent the material from escaping, and compel it to pass downwards 
between the rollers. The several rollers are geared together by toothed wheels at their ends, so that 
they shall revolve together at the required speeds, ana are driven by a belt wheel on the axis of 
one of the rollers. The lowest pair of rollers are driven by a separate belt and belt wheel, or ordi- 
nary gearing. The materials having thus been mixed together in the machine, are afterwards 
moulded into bricks or blocks to be burnt. For this purpose the materials are fed by rollers into a 
box, across the bottom of which a series of moulds, formed in a revolving table, are caused to pass iu 
succession ; the moulds are filled as they pass below the filling box, and are emptied after passing 
beyond the box. All that is required is that the machine should perform its work quickly, no 
perfect moulding of the brioks wing required ; they should be of about the same size, and hold 
together sufficiently to allow of their being stacked in a kiln. 

fly this process of making cement the ordiuary addition of water to the materials is entirely 
dispensed with, and consequently tho tedious and costly processes of draining and driving off the 
water, which has been so added, are done away with. 

The bricks or blocks as they come from the moulding machinery are, without the intervention of 
any drying stove process, at once placed in the obambers of a Hoffman’s kiln. 

T. Hyatt takes Portland cement, and mixes with it sulphur, either in tho form of flowers of 
sulphur, or as combined with iron os iron pyrites, which imparts to the hydraulic cement a tough- 
tioss or power of cohesion when subjected to the combined action of fire ana water. 

The sulphur Is mixed with the hydraulic cement after the usual manufacturing process is com- 
pleted, or incorporated previous to calcination, but it is found more convenient in practice, when using 
fiowors of sulphur to mako tho addition after the eoment is manufactured. If tho sulphur is 
employed in the form of pyrites, it is immaterial at what stage of the manufacture it is added. 

The sulphur is in tho projiortion of about 1 part by weight of the Bulphur to 10 or 12 parts 
by weight of the other dry materials. 

Cetntnt Wator-pipen. — To manufacture water-pipes from cement, as practised in Germany, equal 
quantities of cement and of hydraulic sand arc mixed with the necessary amount of water, and this 
mixture is poured into the pij»e moulds, tho Band being previously washed and well mixed with tho 
lime. Tho interior of tho mould is rublmd smooth with dry graphite powder and a linen rag, an 
ojteration requiring about twenty minutes’ labour for each mould. The core is then inserted, tho 
cement poured in fiom the mixing mill, and pressed dowii with a wooden rammer. For a 4 m. pipe, 
Hi ft. length, 1 cb. ft or 58 lb. of lime and 1 eb. ft. or 100 lb. of washed sand are used. After the mould 
has boon filled, its screws are tighleiud, to ensure that tho cement is equally compressed throughout. 
Tho exterior of the pipe is octagonal. The pipes require two to three days to set, but the core may 
bo withdrawn after twelve hours. When set, the exterior mould is removed, and the pities are con- 
veyed to tlie drying room. These pi|MW aro cemented to each other by placing the ends together, 
and surrounding them with a bather mould, into which more lime mixture is ]>ourcd. With water 
motor power, these pipes can lie very economically const ruetod, at about one-tenth of the cost of east- 
iron pijics, But they can only lie employed m a non -shilling soil , 

(fonerri*.-- J. Day and W. J«ampard mix concrete by the following method. Tho mixing takes 
place In a box mado in four pieces exactly similar, which when bolted together form a Ikix like a 
cross; this box is entirely ojicn at one end, and is contracted to a round hole at the other. Tho 
opon end has a chculnr cover, which is ca)iable of sliding on the slinft. Tho mixing box is supported 
at one end by a abaft attached to a framework at its open end, and working in a bearing on the 
inner frnmo. Tho other end works on a series of rollers earned by tho inner frame, ana taking 
two-thirds of the circumference of tho mivor, giving it an easy, smooth action. 

One of tho trunnions carrying the inner frnmo is driven at ono end, and at the other end bus a 
bevel pinion, which gives motion to a bevel w heel on tho mixer, causing the mixer to rotate. The 
other trunnion is fixed at ono end to the inner frame, and at the other end is connected to a winch 
handle, so that by turning the wiuch handle the mixer is inclined to any desired extent. A water 
tank is supported on tho inner framing, and has a perforated iron pipe passing from the tank 
through about two-thirds of tho length of the box, and there is a >alve m the tank for the purpose of 
admitting water at any desired rate to tho box. A hom>er is also carried on the inner frame, and is 
of a shape to allow tho mixer to bo fed with material cither direct oi from a hopper suspended 
from a small davit crane. 

When workiug the machine the material is plaocd on a stage or platform, measured or weighed 
in the proper proportions, ami if the machine be used without the top or swinging hopper, the 
material is shovelled direct Into the under hopper whilst the machine revolves. The water is 
admitted at will, and the machine is allowed to revolve sufficiently long to mix the oonorete accord- 
ing to the quality desired. The mixing box. as tho mixing progresses, may also be rocked or oscil- 
lated on the trunnions, to ensure tho perfect mixing of the materials, when mixed, the sliding 
door i> opened, and the winch handle turned until the mixture is inclined sufficiently to discharge 
the contents of tho box ; then the door is closed, tho mixer is placed level, and recharged. The 
whole operation is performed whilst the mixer is in motion, therefore saving time. The concrete is 
turned completely over four timoa in one revolution of the mixer, and by the oscillating motion it 
is agitated still more in the opposite direction. 

In Figs. 819 and 820, A is the mixer or box, the form of the cross section of ibis box is shown by 
the dotted lines; II is a disc secured to one end of the box. and resting on rolbrs C. Dis the 
movable door, capable of being moved to and fro along the shaft E, which w secured to the box by 
cross (ieoes F. G is the inner frame, which carries the bearings of this shaft, and a carved frame 
H, upon which am mounted the friction rollers C. 1 1 are the trunnions, upon which the frame 
G can awing, and which are supported by the outer frame K. One of the trunnions is made fast to 
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Jb* ham frame, and has upon it a toothed wheel into which gears a pinion turned by a crank 
nandle. On the axis of the pinion is also a ratchet wheel, which can he locked by a pawl, 
find by this means the inner frame can be set at any angle N is a bevel wheel around the 
exterior of the box, and gearing with a pinion O on a spindle P, which passes through tho oilier 
trunnion, and carries belt wheels for a driving strap Hie box or wixir can be revolved con- 
tinuously, without interfering with its being 

tilted to any desired angle to discharge its sis mo 

contents, or with its being rocked continu- 
ously on its trunnions Whilst the mixing 
Is taking place. A lever handle is used for 
shifting tho end door 1) to and fro along 
the shall E. 8 is a hopper, and T a water 
tank, both carried by the innt r frarao G 
The hopper 8 dt Ultra all materials thrown 
into it, into the box or mix* r through tho 
circular opening at the centre of the end 
disc 8 The movable hopper can thus l>o 
swung out of the way of tne fixed hopjier 
whenever desired, in the direction shown 
by the dotted lino T" W is a pipe lending 
from the tank to the interior of the mixer 
X is a valve and Uvtr to contiol tho ad- 
mission of water from tho tank to the 
imxer 

J 8 Wethrred, New York employs a 
process In which a oonenh mixture, <mn- 
posed wholly or pirtuilly of furnace wlag, limestone, or other culcurt ms tnnUnid and asphalt, is 
prepart d 

An excellent c mcrote is mud to ho made of SO parts of furnace slag or linn stone < rushed or gmi i- 
lated, and 20 pirts of asphalt hniftcrcl with mineral oil r lhe proportion of tin oil to tin asphalt 
will depend u|*on the richmssof tin latter, hut m ge u< ml should 1 k> from S to 10 |h r ct nt In ordi r 
that the ftirnaa slag, him stem or otlu r cnlcarooun matter, and asphalt mav < nmhint comph t< ly, and 
the asphalt la nbsorlwd to the fulhst extent pruetuuhh , it is nmmuiy to heat Ihe enlcMre ms matter 
to a high degr«e ftft< r it has been crushed <r granulited, and heforei it is mixed with tho heated 
asphalte '1 li elegrec of bent should h more Dim etienigli to merely t fleet tho elrving <f tine 
mute rial it si ould is wulfleunt, not tml> to eluve off all tho m m si tire' and huIhuih iu lei wine h 
the material contains hut to open the j»orea, and so expand tho material as to enable the heaf»d 
aaphaltc toreahlv |Krm« vti the hiihstance , and In < rut thoroughl> nieorp rate 1 with it lint Dm 
degree of heat must bee within th it mi flic i ut to ealeiiu him stone lor heating the calcareous 
matter, an ove n e»r lurnuee t r r resting ore s may U employed 

After the e&l nr oils mat rial 1ms been honied it is while in its highly he it< d state, mixed 
with the heated asphalt and otln r i igredie nts A hori/eentul cylimh r of ire n mount* <1 in Is aringw, 
nndmidotor volve nrnind a shaft with radially prop tmg arms for mixing the* muss turnisluH 
a siinplo and i tie ctive apparatus for the pnrjww , and it is advantage eats to apply ho it to tin revolving 
eylmaer while the process of mixing tin mate rial is going on Ihe com rite, so prepared is m 
a proper condition to be spr ad as a suit-walk pave me nt, and r lies! sm >oth 

For paving read he. els it is lie cess try that prepared eoncrete material h)i uilel Ixi cenehnsed 
under heavy pressure, while hi a mould, inte> tho torm of blocks 'Hun operation slioulel be pr* 
formed while the conerc te is still hot, as tin block is re nde rol n« iro liomoge ne oils nud the jmrtii le s 
composing it more thoroughly com [wu ted Wuen, however the hi »e k in a highly heate d u million is 
expelled from the mould by the disc barging plunger of the enm pressing liiechme, if often happe ns 
that it will < rumble , and to avonl this time must Is allowed (or the uimmh to become se t Is lore it J* 
removed I his ele lav mb rl» re s with the economy ot the mniiutucture , ntiel is nveaele el hy suhie e tmg 
thcheited hies k, after it lias Is en maul h el inl(*>m|re seel t > the < lulling < ffe e t of eolf water 
applied to its surfs* i This treatment is lsjst |s rforme l at the insUnt that the hies k m r use el out 
of the mould, or as soon as possible afte r it h is )h e n ele | osite d ii| on Dm < ndle ss apron or u live \or f r 
removing it from the machine 1 he e fh e l of ibis (lulling pr we ss is to liar le u the ext< ri »r surface 
of the m mldeel block so that it will pre se rve its form ami mt< gnty during nthst qn< nt bnudliug 

These comprised blocks arc not e>nlv available for puviug rund lx is, but p shims utility us eeu 
artificial rauUnal for the construction of submarine or (XjkimocI sei walls, or for either building pur- 
poses. Expcriirie nts have she>wn that compressed blocks of tins cliarirb r tan lx use d for the walls 
of fortifications with great advantage in comparison with natural stone 

T 8 Bale lias proposed to lessen the danger of asphalt ro«dwa)s to horses ley rolling In it broken 
granite, or boulders, or very hard fired elny, to make roadways aril trunw »ys with blinks ub ut 
6 m square, of clay and its compounds pressed and fired extremely herd, and used alte enatc ly with 
asplialt, cement, and wood, cork, or itidiarubhcr 

For ornamental work, a foundation is made in the usual way with ashes and coarse asph ilt, upon 
which a finer coating is hud an inch or me>r« thick, whteh serves tho purpose of a ground b» throw 
up the othe r colours Upon Dus is put a frame or mould of thin me tal or woexl for the fmtU rn, anel 
after being tilled with enough of the required colour, it is lifted off, and thee colour is found inlaid 
Another plan is for more elaborate jxitttms, wlueh arc inlaid upon cement or asphalt slnlm of 
convenient sixe, and then fixed in place on the walk or building When cement is used the super- 
fluous part is cleaned off at proper time to leave the colours clear 

Bale forms rink and other floors with plaster of Fans mixed with lime', alum, and white copperas 
to a paste, and made smooth and allowed to set 
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T. Hyatt mtmtdkctam blocks tad slabs from Portland cement, mixed with stone chipping!, 
harfcm, by being allowed k> remain for long periods ^wiring in water. Portland and other stones 
are imitated by the admixture of Keene cement with Portland cement. This mixture oan be 
moulded by hydraulic pressure upon metal cores, for useful and ornamental purposes in bnilding. 
Hyatt also combines fireclays with Portland cement in the construction of floors and roofr. White 
clay of Hattover, or other infusorial siliceous material is oombined with Portland or other binding 
cement in moulded forms, and in making floors or roofs is fastened to the surface of solid wood by 
mushroont'headed nails. 

A. C. Ponton applies sulohur to the production of an artificial stone from sand, loam, clay, 
gravel, with or without the addition of Portland cement 

The proportions are calculated by the amount of the interstices which the finer materials fill when 
mechanically mixed with the coarser. Moulds are filled with the materials, using compression, 
either by ramming, tamping, or rolling. The moulds are preferably porous, and are constructed of 
plaster of Paris, wood, papier mach£, or cemeut. If it is wished to indurate rapidly, the filled 
moulds are packed inside an air-tight receiver, and the receiver and contents heated np to about 
240° Fahr., thus removing the water contained in the material. The reoeiver is then submerged 
in molten sulphur. 

When the materials have become saturated with sulphur the receiver is withdrawn, and the 
superfluous sulphur allowed to drain into the tank containing the molten sulphur. Where speed 
of induration is not required, the filled moulds are merely soaked in molten sulphur, and withdrawn 
from the tank containing the sulphur when sufficient saturation of sulphur is obtained. 

In those cases where steam under pressure is available, it is preferable to steam jacket the tank 
for the supply of heat. A float and index is used to ascertain when the articles are saturated 
with sulphur, the float assuming a stato of rest when the saturation is completed. 

In those structural cases whore it is mocssary to resist the action of tire, Portland cement, or 
loam or clay, are used to bind the particles together. 

The Strength of Cement and Concrete.— As tho result of experiment aa to the breaking weight of 
Portland oement weighing 112 lb. to tho bushel, gauged neat, and also with different proportions 
of Thames, olean pit, and loamy sands, T. Grunt, in a paper read before the Institute O.E., gives the 
following. When gauged neat the cement bore 


1 week . 
1 month 
8 mouths 


lb. * *q in 
445*0 
G79*9 
877*9 


G months 
9 „ 


lb. a *q In. 

978*7 

995*9 

1075-7 


Thus in three months tho cement boro about double tho strain it did at the end of a week, and 
at the end of twelve months, 241*70 per cent. The following are the breaking weights of tho same 
cement mixed with clean, sharp, Thames sand, in proportions varying from 1 to 1, to 1 to 5 
Whou mixed with an equal proportion of sund, the breaking weights are at , — 


1 week 

lb 

.. .. 97-0 

r 

'« r coni of the strength 
of w*at Otneni. 

21 8 

1 mouth 

809*3 

SS 

44*5 

8 mouth, 

3(57 0 

as 

41*8 

0 , 

.. 5US-8 

ss 

55*9 

0 

.. .. (507-8 

=r 

61*3 

12 

700-8 

= 

G51 


When mlxod with twice the proportion of sand, tho breaking weights are at; — 



lb 

1\ r cf nt of tho strength 
ot Dent Oniont. 

1 week 

.. .. 52*5 

= 11*80 

1 month 

.. .. 123*5 

= 18* 1G 

8 month* 

.. .. 254*5 

- 29*00 

G 

.. .. 425*1 

= 43*40 

0 „ 

.. .. 431*5 

= 43*83 

12 

458*5 

= 42*02 


When mixed in the proportion of 1 of cement to 3 of sand, the breaking weights are at 


1 week 

lb 

IHrcent of the strength 
of neat CVnteot. 

27*0 

as 6*07 

I month 

58*0 

as 8*53 

8 months 

135*5 

= 15*43 

e 

232 4 

sa 23*74 

12 

.. .. 880*6 

= 29*90 

When mixed in the proportion of 1 of oement to 4 of saml, the breaking weights are at 


lb. I 

Ih. 

1 month 

82*5 1 6 months 157*0 

3 months 

109*0 | 12 „ 



Whou mixed in the proportion of 1 of oement to 5 of sand, the breaking weights are at ;* 


Uv lb. 

21*0 G mouths 95-5 

88*5 12 „ 122*3 


1 month 
3 months 
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With similar proportion! of dean pit sand taken from the excavations, the strength it, in ever* 
case, much greater tnan in the meet described, where Thames sand was used. It will be peroeivea 
that the strength rapidly gains in proportion upon that of the neat cement Thus, in the first ease, 
that which was only 21*8 per oent at the end of a week, and 45*5 per cent at the end of a month, 
at the end of the year has increased to 65* 1 per oent of the strength of neat cement With clean 
pit sand the corresponding tests of 1 to 1 show that the gain is much greater, increasing from 
w*2 per oent at the end of a week, to 74*0 per cent at the end of a year. Again, if the breaking 
weights at twelve months, for the proportions of cement to sand or 1 to 2, 1 to 3, and 1 to 4, are 
multiplied by 2, 8, and 4 respectively, on the average it will be found that tho normal strength of 
the neat oement (1075*7 lb.) is, as nearly as possible, dilutod in proportion to the quantity orsancL 
the average numbers being 1066*1 lb., 1103*4 lb., and 1044*8 lb. This, howevor, does not hold 
good with the proportion of 5 of sand to 1 of cement, except where the sand is purest ; tho strength 
at the end of twelve months, multiplied m before by 5, being 611 *5 for Thames sand, 1078 for clean 
pit sand, and 831 for loamy pit sand, against 1075*7, the normal strength of the neat oement 
The foregoing experiments, extending only to twelve months, still left some interesting points 
unsettled ; as, for instance, the age at which cement, whether neat or mixed with sand, ceases to 
increase in strength; the age at which the several compounds of cement and sand approach 
nearest to the normal strength of neat cement, or, m other words, obtain their maximum strength ; 
also, the most economical proportion of cement and sand, with an assumed minimum strength. 
The last point has been approximately ascertained, as it has been shown that with sand in tho 
proportion of 2, 3, and 4 to 1 of cement, tho sum! simply nets as a diluting agent; hut with sand iu 
the proportion of 5 to 1 of oement, any imperfection in the sand materially affects the strength of 
the compound. It is only aith clean pit sand that tho full strength of the oement is obtained ; the 
strength, 215*6, multiplied by 5, gives 1078 Lh. against 1075*7 lb., the strength of tho neat oemont 
With the view of ascertaining, if possible, tbo age at which cement mixed neat and with sand 
attains its greatest strength, another series of experiments was commenced. Tho cotnont in this 
case weighed 123 lb per imperial bushel. Tho breaking weights of tho noat cement arc at;— 


1 w<*k 
1 month 
3 months 


lb 

8171 
935*8 
1055*9 
1176 6 


9 months 
W .. 

2 years .. 

3 „ .. 


lb 

1219*5 

1229*7 

1324*9 

1314*4 


Tho same cement when mixed with an equal proportion of Thames sand broko at tho following 


Per cent of neat 
lb O uient. 

I week 353 2 - 40*78 

1 month 452*5 = 48*35 

3 months 517*5 - 51 85 

« „ 640*3 - 54*42 

9 „ 092*4 = 50*77 

12 716 6 ~ 58*27 

2 years 790 3 - 59*05 

3 „ 781 7 ~ 59*70 


The proportionate strength of cement and sand thus increases between three months and twelve 
months, at the rate of 2 per cent every three months, but in tho course of tho second jear only 
1 *38 per cent j**r annum. In the third y< ar there is no men ase 

With cennnt gauged ne.it and kept for jkiksU varying from seven days to twelvo months, 
first, in wut< r, secondly, out of a liter, in-doors, and thirdly, out of wat<r, exposed to the action of 
the weather, at the end of twelve months the results are ri*Hpoctively ss 1099, 827 4, and 719 6; 
that is, the cement which a os kept out of aater, m-doors, attained only 75*29 per cent of tho 
strength of that which was kept in water, while that which was out of water, and exposed out of 
doors, acquired only 65 48 per cent There are considerable variations in the apparent strength 
at different ages, hut the averages may be taken as 100, 80*61, and 76 8. Cement allowed to sot 
under water mems, from these exjtenmenU, to gain strength from 24 per oent to 30 per oent. 

As to tho relative strength of cement gauged with frosli water and with salt water, at various 
ages, from a week to five mouths, the difference, though not very materia), is in favour of salt 
water. Therefor© in the case of harliours, docks, and piers, where the waier is either salt or 
brackish, tin re new! ho no hesitation in using salt water, either in making Portland commit concrete 
or in building. The best Homan cement is v<*ry inferior to Portland, especially when mixed with 
tan<L 

As to tho strength of Keonc’s otm< nt and Parian cement, in water and out of water, for poriods 
varying from seven days to throe months; at three mouths tho strength of Kcetio’s cionent in water 
is 508*8 lb.; out of water, 720*5 lb ; or 41 per cent, more; Parian cement in water, 521 lb. ; 
out of water, 853*7 lb. ; or 64 per cent more. 

With Hodina oement at various periods, from seven days to two years, the increase is from 
211 lb at seven days, to 476*9 lb. in twelve months, and 276 lb. in two years. There is a great 
foiling off in the second year. 

These three cements have only been used for internal architectural purposes. 

The following table gives the number of tons required to crush bricks made of Portland cement 
neat, and with five different proportions of sand at three, six, and at nine months, at which different 
periods the strength of the neat cement bricks was 65 tons, 92 tons, and 102 tons respectively, or 
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more than that of Btaflordshfre blue bricks. Bricks made of a mixture of sand with cement, in the* 
proportions of 4 to 1 and 5 to 1, stand a pressure equal to tho best stock bricks. 

Compression or Portland Cement Bricks. 


Size 9 X 4*25 x 2*75 = 105*18 cubic in . ; area exposed to Prc&sure 9 X 4*25 = 38*25 sq. in. 



Description of Bricks. 

Average Pressure 
In Tons when 
Spedra**n first 
showed algos of 
giving 

Average Pressure 
in Tons when 
Specimen finally 
Crushed. 



Neat Portland Cement 

42*00 

64*81 



1 Portland Cement to 1 Pit Band 

20*24 

42*53 




2 

25*50 

£4*22 




3 

19*99 

24 • 32 

if 



4 „ 

20*02 

22*73 



» 

5 

(Made 3 Months.) 

Cement 

10*29 

10*37 



Neat Portland 

58*35 

92*01 



1 Portland Oement to 1 Sun<l 1 

32 82 

59*39 




2 

24*80 

47*00 




3 

19*42 

30*81 




4 

10*13 

30*08 




3 

11*91 

20*29 




(Made 0 Months.) 





Neat Portland Cement 

37*00 

102*19 

s 


1 Poitluud Comon t to 1 Pit Band 

04*40 

77*88 




2 j 

51*18 

02*28 






83 25 

40*87 




i .. . . | 

25 3S 

37*71 



♦» 

5 „ 

19*40 

28*06 



(Made 11 Months ) 





During six years tho avorngo stnngth of 1,3GD,210 bushels of Portland cement used in the 
Southern Main Dittumgo Works was 000* 8 lb., l»t mg 52 percent. al>ovo tlie standard first specified, 
and 21 percent, above that subsequently adopted. The average wuglit a bushel was 114*15 lb., 
being 4*15 per cent. alxivo tho specified standard. Portland cement 1ms beru pro\ed to lie ptcu- 
liatly suitable for hvdraubo works, and may Ik* procured in any quantity, and of tho highest quality. 
Portland ooimnt, if it be preserved from inoistuie, does not, like Homan cement, lose its strength by 
being kept in casks or sacks, but rather improves by age , a great udvoutugo in tho ca^e of cement 
which has to 1k» expoitod. Tho longoi it is in sitting, tho moro its strength increases. Neat 
cement is stiongcr than any admixture of it with sand Oiuent mixed with an equal quantity of 
wind, may be said to la*, at tho end of the year, approximately thiee-fourths of tho strength of 
neat content. Mixed with 2 parts of sand it is half tlie strength of neat cement. With 
3 parts of sand the strength is a third of neot cement. With 4 parts ot sand the strength is a 
fourth of neat cement, \N ith 5 parts of sand the strength is alxmt a sixth of mat cement. The 
olounor and sh»r|KU tlie sand, the greater the strength. Very strong Portland cement is heavy, of a 
blue-grey colour, and sets slowly. Quick-set ttng cement has generally too large a proportion ot clay 
iu its coni|Kwition, is browuish In colour, and turns out weak, if not useless. The stincr the oement 
mortar, that is, the lew* the umomit of water usihI in working it up, tho better. It is of tlie greatest 
impoi twice that tho bricks or stone writh which Poitland cement is used should be thoroughly 
soaked with water. If under water in a quiescent state, the cement will be stronger than out of 
water. Experiment has sliowu that ciment kept in water was one-third stronger than that kept 
out. Blocks of biiekwork or concrete mode with Portland cement, it kept under water till required 
for use, would bo much stronger than il kept dry. Balt water is as safe for mixing with Portland 
oement as fresh waten. Bricks made with neat Portland cement an* as strong at from six months 
to nine months os the best quality of Staffordshire blue bricks, or similar blocks of Bromley 
Fall stone or Yorkshire landings. Bricks made of 4 or 5 parts of sand to 1 part of Portland 
oement will bear a pressure equal to the boat picked stocks. Portland oement concrete, made in 
the proportions of I of cement to 8 ot ballast, m some esses, and of 1 to 6 in others, has been exten- 
sively used for the foundations of river walls, purs of reservoirs, and foundations generally, with the 
most perfect suooees ; and it might be much more extensively used as a substitute for brickwork or 
masonry wherever skilled labour, stone, or bricks arc scarce, aud foundations are wanted at the 
least expenditure of time or money. 

Wherever concrete is used under water, care must l>o taken that the water is still ; as otherwise 
a current, whether natural or caused by pumping, will carry away the cement and leave only the 
cloan ballast, Homan oement, though about two-thirds the cost of Portland, is only about one-third 
its strength, and is therefore double the cost, measured by strength. Roman oement is very ill 
adapted tor mixing with send. 

Whilst Portland oement is the best that can be need by the engineer, it should not be used by 
anyone who is not prepared to take the trouble or incur the trifling expense of testing it; became 
if manufactured with improper proportions of its constituents, or improperly burnt, it may do 
mure mischief than the poorest lime, / 
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Ocurrmss used In making Brickwork Blocks, in Compo composed of Portland Commit and Biver 
Sand in equal proportions, each Block being 3 ft cube = 1 cubic yard. February, 186% Number 
of Bricksiu each Block. 384. 


Materials. 

No. 1 Rloclc. 

Gault Bricks * ith Frogs. 
Average, S*U X 4*1 
XS*76 5=»S’M8a. 

No. 9 Block. 

Gault Bricks, Wire Cut, 
no Froga. 

Average SI m*, 9*98 

X 4 14 X 9 W ss 104*8. 

No. S Block. 

Band Stock*. 

Average SUe, 9* OS 

X4*ai x a - to =105 -ms. 

Cement weighing 112 lb.V 

a bushed / 

Band 

Bricks 

boab. 

3*615 

8-615 

17*000 

cub ft. 

4-6406 

4-6406 

21*9236 

busb. 

3-20 

3*29 

17-08 

cub. ft. 

4-2187 

4-2187 

23*0786 

bath. 

8-29 

8-20 

1S-29 

cub 11 

4*2187 

4*2187 

23*4780 

Totals .. 

24-320 

31-2048 

24-56 

. 31*5160 

21*87 

31*0154 


The following table shows two series of exocriuicnta hh to the quantities of Portl&ud cement, 
sand, and water used in making one cubic yard of compo, or cement mortar. 


PC. Bend. 

I 

First Series. 

Cement 

Sand 

ButhcU 

* ,2 t 
. m 

| Broom d Bkrieb. 

1 (Vinout 

Band 

tlufthcU 

13 

13 

1 to 

1 < 

56 Gallons of Water. 

244 j 

1 

18 Gallons of Water. 

26 



Omcnt 

Sand 

• K i 

. lii} 

(Vniout .. 

Baud 

81 

17 

1 to 

2 ' 

41 Gallons of Watt t. 

Tit 

1 

30 Gullons of Watt r. 

254 



Ot incut 

Sand 

«i 

n»j 

O incut .. . 

Sautl 

61 

1 to 

3 < 

(46 Gallons of Water. 

26 

1 

j 2h| Gallons of Water 

25 



( Vuicut 

Band 

• *»i 

. 21 

1 ( *eim nt 

Kami 

5 

20 

1 to 

4 ' 

47 Gallons of Water. 

20i 

1 

! 38 Gallons of Wuti r. 

25 



Cement . 

Band 

■ *? , 

Cement 

Baud 

41 

20S 

1 to 

5 

Ll Gallons of Wutor. 

25J j 

34 Gullons of Water. 

2 If 


As a rule the strength of Portland cement increases with its specific gravity. 

In the discussion on this pap< r, U. Hawlmsou remarked that thorn was one application of 
Portland « incut not generally known, its use, wheu of good quality, under water, by the aid of a 
diver. He had uisd it to make a joint between iron and iron, under a 90-ft. head of water, with 
perfect success, to keep out a qmrksand. He had occasion to sink a welt where there was a quick* 
sand at the dentil of 00 ft., overlaid by a thick IakI of marl, and underlaid by new red stunlstouo 
tuck. The ordinary iron cement, of iron borings and sal-ammoniac, would not set, but washed out. 
He sent down pure, stiffly-made Portland cement m buckets ; this was put in place by divers, and 
set perfectly, and remained for time or four years, though exposed to a severe strain by the oonstart 
pumping. All the mortar used aft the Liverpool Bocks was made with sea sand, and mixed with 
salt water. 

G. F. White stated that the engineers of the Touts et Chuuss&o, in 1850, had proposed and 
applied numerous test s, which had not U-eu materially varied to tho jirosent day, and which, for 
the sake of comparison with the Board of Works tests, might be given as follows; — 

Specific weight, 1200 kilogramme* a metre cube, or 103 lb. an imperial bushel. 

Tensile strain, tried on bricks with the same sectional area as employed by the Board of Works, 
vis. 2*25 square inches ; 

Neat cement 2 days 04 kilogrammes, or 140 lb. a brick. 

* 5 „ 128 ^ 280 

„ 30 „ 240 „ 530 

.. 3 * „ 140 

30 * 128 „ 280 


Cement I part) 
^aad 2 parts 


J 
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Tti* Board of Works test* were of t threefold dteicter. The cement must be of ft given specific 
weight. *When gauged neat, it omit hare a certain resistance to tensile strain. It most beef 
immersion in water, without sign of cracking. The tensile strain, at first fixed at 400 lb., had 
been raised to 300 lb., and the specific weight, fixed originally at 110 lb., had been raised to 112 lb. 
a bushel. It was to this test or 112 lb. a bushel, which indicated a very heavily burnt cement, that 
White desired to direct some attention, as Dressing severely on the manufacturers, without, as he 
believed, conferring any corresponding benefit on the engineer. The way in which it affected the 
manufacturers was as follows The leas the concentration given to the cement by burning, the 
greater was the volume of cement that could be obtained from a given quantity of raw material. If 
a certain quantity of chalk and olay, calcined to the specific gravity of 104 lb. a bushel, produced 
214 bushels of cement to the ton, the same quantity of raw material, burnt to weigh 112 lh. a 
bushel, would produce only 20 bushels to the ton, and occasion the mannfactnrer a loss in volume 
of 7} per cent Cement of so high a specific gravity as 112 lb , involved a much larger consump- 
tion of the fuel employed in burning it, an item which, under the most favourable circumstances, 
counted for nearly one-third of the prime coat of the cement. The destruction of kilns, and of the 
machinery employed in grinding the cement, was enormously increased by the intensity of the heat 
required to produce it, and by the hardness of the material to be ground. The quantity of this 
highly calcined and heavy cement, that could be produced in any one kiln, bore only a certain 
proportion to a reaiduo, which was not sufficiently burnt to produce cement weighing 112 lb., but 
which could be employed advantagoously in the manufacture of cement that was intended to set 
more quickly, and to weigh only 104 lb. a bushel. Looking at the question as it affected 
engineers, this heavily burnt cement was a dangerous cement to use. It was well known to 
manufacturers that to be able to push the calcination far enough to produce a cement of a uniform 
gravity of 112 lb., it was noodful to combine more lime with the clay than was required for lighter 
burnt oement ; and that, in so doing, thero was the risk that a perfect amalgamation of the lime 
and olay would not be offected ; but some of the lime, being left in a free state, would be liable to 
be slaked by water, or oven by the moisture of the atmosphere, and produce, sooner or later, disin- 
tegration. The next consideration was the slowness of the setting of this heavily burnt cement 
It would not set in running water. Portland oement of English manufacture had been successfully 
employed for concrete en matac, in constructing underwater foundations. It was quite intelligiblo 
that, though the oement of 112 lb. would set too slowly for this purpose, a lighter burnt cement 
would effcot the desired object. To lose sight of this, and to insist that all cement, whatever its 
destined use, should bo thus concentrated m burning, would bo simply to deprive it of one of its 
most valuable properties — (hat of setting rapidly under water. Another inconvenience to which 
this heavily burnt cement exposed the engineer, was the almost certainty that it would not be 
properly ground. Theoretically, the ocnieut should bo an impalpable powder, and every grain of 
sand a matrix, round which the oemont should form a film, or ooatiug; but this could Bcarocly be 
the case with a material which it was so difficult to reduce to powdt r. On the contrary, if carefully 
scrutinized by passing it through 11 sieve or by washing it, a considerable residue of particles resembling 
sand would lie found, comparatively inert m their cliaracter, with very feeble setting properties, and 
of a naturo to diminish the amount of real sand which tho cement would otherwise carry. Another 
objection was the loss of volurao which would be sustained by tho engineer, equally with the manu- 
facturer, if he were to bceomo the buyer of cement by the ton, instead of having it furnished through 
the contractor. French engineers regulated this question by procuring a cement of sufficient density 
to |mns their tests, while stipulating that it should not exceed that weight, so as to produce a need- 
less loss in volume. The test of sjiecifio weight was too variablo to be relied on, if unaooompanied 
with other conditions. 

In a socond paper on this subjeot, J. Grant gives the strength of neat Portland cement as mixed 
by band, and as ground in a mortar mill for 30 minutes. At tho end of a month that which was 
ground in a mill had less than three-fourths the strength of that which was mixed by hand. The 
maximum strength of that mixed by hand seems to have been attained at five months, and that 


ground in a mortar mill at one month, the greatest strength of tho former being marly double that 
of tho latter. The strength of that which was mixed by hand was maintained, whilo that which 
was ground in a mortar mill doclined, from the maximum m each case to the end of the experiments. 
This result was probably duo partly to crystallization, or the setting, having been interrupted by 
continued agitation, and partly to tho destruction by attrition of the angular form of tbe particles. 

As to tho tensile strain required to separate bricks cemented together with Portland oement 
and lime mortars, experiments would require to bo greatly extended before any very trustworthy 
deductions oould bo mado. Pressed gault brioks show the lowest amount of adhesiveness, partly 
because of their smooth surface, and partly because in making them some oily matter is used for 
lubricating tho dies of the press tiurough which they are passed before being burnt In the case of 
perforated gault brioks the oement mortar seems to act as dowels, and the results are consequently 
nigh. Suffolk and tfm Fareham red brioks, which each absorb about a pound of water per brick, 
adhere much better than Staffordshire, which are not absorbent This shows the importanoe of 
thoroughly soaking brioks which are to be put together with oement, as dry bricks deprive tbe 
oement mortar of tho moisture which is necessary for its setting. 

The strength of Portland cement bricks tested by crushing, appears to increase the denser tho 
brick. When the oement is in proportion to the sand leas than 1 to 2, or 1 to 3, those dried in air 
bear a greater pressure than those kept for twelve months in water. This would lead to tbe 
inference, that when the quantity of oement is small, brioks or blocks of concrete should be kept 
some time out of water, and be allowed to harden before being used. 

Contrasting the strength of these concrete bricks with the different day bricks, it will be seen 
that, down tothe proportbu of 5 to l, the former compare favourably. Brides made of neat cement 
bore a pressure equarto that of Staffordshire blue bricks or of best Fareham rad bricks. Oement 
bricks made la proportions of from 2 to l of cement, to 5 to I, are equal to picked c^y brisks. If 
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l their strength would be greatly i n c r eased. Concrete blocks 
nsde with the largest proportion of cement to ballast ere the str o n g est, the strength beiqg nearly in 
proportion to the quantity of cement , it is desirable to spend no more time than is absolutely 
neoesmry to effect a thorough admixture of the cement w ith the sand and gravel. Compressed 
blocks are apparently stronger than the unoompressed blocks in a larger proportion than their 
difference in density. 

Concrete made of broken stone or broken pottery is mnch stronger than that made of gravel. 
This is no doubt due partly to the greater proportion of ctmcnt absorbed in the latter oaao in 
cementing the finer particles of sand, and partly to tbo want of angularity in the gravel. Com- 
pression, and an increase m the proportion of oement, aliko increase strength In making concrete 
bricks or blocks of moderate siae compression might be applied with advantage ; but with largo 
mnssSs of concrete it would be difficult to do so, without running the risk of interrupting tho process 
of crystallisation or setting, which commences immediate lv on the application of moisture The 
cost of labour so applied would therefore be better employed in a larger admixture of cement. For 
the same reason that absorbent bneks should bo thoroughly soaked with water before being used, 
the broken stones, bricks, or other materials used in making concrete should bo saturated with 
water before the cement is applied. 

Lieut -Colonel Scott remarked in the discussion on the seoond paper, that Grant had brought up 
the strength of Portland cement to a high standard Those in tho habit of using largo quantities 
of Portland cement were aware that at times it expanded to an extraordinary <h gree This was 
due generally to too large a quantity of chalk haying been used in its preparation With a large 
proportion of clay there was greater safety, though somewhat less strength. As to cement mortar 
when beaten up afresh, though first losing strcngth r afterwardx becoming stronger again, it might 
be explained by assuming that the <eraont might have contained some particles which hail ail 
expansive tendency In using lias lime, unless it was ground to a fine powder, and tho slaking 
allowed to go on some time before use, the work was apt to get distorted, lieoauso those particles 
which wen uneombinrd with water expanded m tho woik when hydration took place, and mirst it. 
There was continue*! expansion of some of the lime particle s through slaking, till the material was 
brought wholly luto tho state of hydrated silicate or lime, when it aguin gained in strength by tho 
quiet and gradual rearrangement of the particles, such as occurred with hydraulic limes, without 
any disturbing element There was a new mode of using lime, whu h had boon adopted In tho 
buildings at houth Kensington If m the ordinary slaking of lime just sufficient watt r wits added 
to bring it to a dry impalpable powder, this jiowdt r would have a hulk sometimes much greater than 
that of the original lime, and if math into paste would, whon it dried, < xhibit a considerable dtgreo 
of porosity It could be imagined that if Uio lime, instead of lx iug slaked, wore ground to i*>wder 
and induced to set ns ct me nt, with its original density, much groatir strtuglh would be uttained 
in the sobdiflol mortar In the use of lime the combination with water took place first, and thin 
subsequently the solidifying action wtnt on If it was hydraulic lime, a situating process was m t 
up aft* r slaking, and a fresh arrange ment of partu h s took plure In tho case oi cc moots the 
slaking and the setting went on siniultant ously, and the water entered at once into combination 
with the ocmc nt to form a stone-hke substance If by any means limo could lx* induce d to oombuio 
with the watir slowly, so as not to burst with the heat, a much bitter result would follow than 
from the ordinary way of using it 11ns, in fa* t, was what had Ixxm accomplished by the prim nt 
mode of making mortar, and tho general nn tiicxl of procedure was as follows, (ho htiie used at 
Kensington lx tug ordinary gr< y bmo finely ground First 5 jxr ctnt of plaster of Fans, as 
compared with tlie quantity of lime to be used, was mixed in a bucket of water, making a milk of 
sulphate of lime Ihts wax thrown into tho pan ot a mortar mill, and tho ground lime added 
gradually, instead of the lime slaking as it would when treated with water only, it showed 
no syinjftotns of slaking, and was brought to a thin paste without any §< nsible increase of timjiera- 
ture when that was done, ssnd was added, and for most purjxwo* os much us (3 parts of sand to 
1 of time. In thin brickwork greater strength was obtained witli gr« y bmo treatisl in this way, 
with ti parts of sand, than with Portland cc merit with 4 ports of sau I The sumo results would 
not follow tho use of grey bm< lit very damp situations or under water, in such situations nuothor 
act of phenomena came into play I he process described would not give setting profs rty under 
wtkr if the lime did not possess it before It might lx* thought that tho watU r-setting profx*rty 
was destroyed by the plaster of Fans, which was itself soluble, but that was not tho ease 'Jhe 
quantity of plaster of Farts did not exoee d 0 75 per cc nt of the mortar , and in three nr four w<x ks 
crystallised out in the pinhole cavities m it, where it showed itself m crystalline plates In pro- 
portion as the percentage of clay in the lime employed increased, so was the mortar more suitable to 
be used under water. 

With a view of adding to the existing knowledge on this subject, G Colson has recorded 
the di tails of tho tests made by him during the e xorution of thu works of tho Portsmouth 
Dockyard Extension, the results being communicated to the Institute of Civil Engineers. Tho 
specification provided that tin cement should be of tho best quality, ground extremely fine, and 
should weigh not less than 1121b to the imperial striked bushel, as poured from a sack into the 
measure. The oement was to bear a tensile strain of 450 lb on 24 sq, tn without breaking; at the 
end of seven days* immersion in water It wss also provided that samples for testing should lie 
taken from every tenth bag, if required It was not, however, dec mod necessary to proceed to the 
extreme limits stipulated for in the specification , but on the arrival of each cargo, sufficient 
eemeot was taken to make seven briquettes, four of which were placed in water as soon as they 
were sufficiently st t to admit of their being removed from the moulds, the remainder being kept 
dry At the expiration of seven days three of the wet briquettes and the three dry ones wen) 
tested in the machine, the remaining wet one being reserved. With regard to the method ter 
we i ghin g the cement, it wss found, after repeated trials, that a uniform result could not be 
atiauBedkf simply pouring Use cement out of tho bag, as it was impostible to maintain a Uniterm 
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t*te of delivery. If the cement was allowed to fall from the bag too quickly, the measure became 
filled with .a mass of cement of the same density as when in the bag, in which it had become 4 
consolidated by being shaken and moved about To obviate this difficulty, and to equalise the 
density in the measure as much as possible, an ordinary hopper stool was adopted. This was 
about 2 ft, 6 in. high, with a shoot fixed on the top ; tho lower end or neck was contracted to 7 in. 
by 2 in., to prevent the cement from falling into the measure in heavy masses, in case it should 
escape from the bag too quickly. The measure, heaped up, was allowed to stand for a few 
minutes, iu order that the cement might settle. When no further subsidence was observed the 
surplus was struck off the top, and the rest weighed. By this method a uniform density was 
obtained. 

Tlie average weight per bushel after screening off the coarse cement was 106 lb., against 
115 lb, before screening, as delivered on the works. These results show that the cemdnt, as 
received from the manufacturer, is affected to the extent of between i and £ of the gross weight, 
or about 21} per cent, by coarse grinding. 

Undoubtedly the fairest way would be to test cement at thirty days, inasmuch as the harder 
burnt varieties, requiring a longer time to set, are placed at a considerable disadvantage compared 
with the quicker setting cements when tested at tho end of seven days. They do not show such 
good results as would be the case if a longer time were allowed. 

Not only does the demand for high tensile strength at seven days practically exclude from 
competition all tho harder burnt, slower settiug, though ultimately stronger cements, but it has the 
offeot of forcing the quicker sotting cements to such a clogroe, that tho risk of the presence of free 
lime, and consequently the danger of expansion, is augmented. Much can be sold on tho other 
hand in support of immediate strength, which in some canes is necessary. 

For mortar or concrete dostined for building construction, it is undoubtedly injurious to employ 
other than fresh water, on account of tho deliquescence of the salts contained in the sea-water, 
particularly during humid weather; but in coast or hurbour woiks there appears to bo no valid 
objection to its use. 

Tho conditions of manufacture affecting the tensile strength and rate of setting of Portland 
cement may lie divided under four heads. The proportions of chalk and clay ; tile degree of calci- 
nation ; the degreo of fineness ; the age of tho cement. 

It is impossible to establish any fixed proportion for tho chalk and day, as it must depend 
cmthcly upon the quality of each considered separately. Grey chalk, containing a largo per- 
centage of clay, would require h ss of the latter to bo udded ; whilst white, or upper chalk, being 
almost pure lime, would require more clay. Tho clay, if obtained Irom tho beds of rivers flowing 
through a chalk district, may contain lime, which would necessitate a reduction in tho quantity of 
©hulk to 1 m) added iu the manufacture of tho cement. Tho constituents ot theso ingredients cun only 
bo ascertained by analysis, careful tests, and observations, the knowledge thus obtained forming 
tho basis of the probations of chalk and clay to be adopt'd in the manutacturo of Portland cement 
in each particular locality. It may bo stated in gi nonil terms, that where a high tensile strength 
is domondod, a greater proportion of chalk must be employed. This, if pro|»erly burnt, will pro- 
duce a slow-setting, but eventually a very strong ot mont. There are, however, reasons why, in gent ml 
practice, n high proportion of chalk should be avoided ; the principal one being the great danger of 
an excess of that ingredient to produce free lime, which would cause tho cement to swell and crack, 
aud eventually full to pieces. Cement with a high pioportion ot clmlk has not the some hydraulic 
propertn a as cement with a loss ]>ercentago of cluuk, a full proportion of cluy 1* ing necessary to 
ensure those. On tho other hand, an exoess of clay will give a quick-setting, but, at the same time, 
a very weak cement, with a muddy upi>oamuce and yellow colour. 

As regards the proportions affecting the rate of sotting, it appears that a high proportion of 
clmlk, not in excess, will cause this action in the cement to bo slow, whilst uu excess of chalk, pro- 
ducing free lime, will evolve considerable heat on being guuged, causing tho cement, apparently, to 
si t much more quickly ; but when in this condition tin re is tho gri &t< st danger of its flying. The 
addition of clay increases the late of si tting, aud especially when present in excess. Afterwards it 
will harden very gradually, and that only to a limited degreo. 

With reference to the degree of calcination, tho quuhty of the cement depends, to a great 
exteut, upon the pei faction to which tho operation of burning is carried. Care is required m 
putting into the kiln the proper proportions of cement and coke. Cement, when properly burnt, 
should have the appearance of a hard clinker iust on the verge of vitrifaction ; in pioportion to the 
high degree of burning, short of excess, so is the strength of the cement improved. 

With regurd to the increased tensile strength of the fine as compared with the coarse cement 
, when mixed with sand, it may be accounted for by the latter containing a largo proportion of 
uqground particles which, although acting as a bond when guuged neat, would, on tho addition 
of sand, Iw distributed through tho mass, thereby reducing the influence they would have as a 
kev ; the actually effective cement being the difierence between the original quantity and the 
proportiou of ooarse or uugrouud it eontaius. This proportion is ordinarily about 21 per oent 
The cement would, therefore, lie reduoed in about this proportiou, whilst tho sand would be 
augmented ; thus, iu the eoso of 1 to 1, the actual proportions would be *79 of cement to 1 *21 of 
•and. In the case of the fine cement, the proportions would be as stated, the mass therefore con- 
taining a greater quantity of effective cement, which would go for to account for the superior tensile 
strength ascertained from these experiments. 

The quantity of water used iu gauging the cement bus great influence upon the tensile strength. 

If an undue amount be employed, It is reduced to a oouakterablo extent ; on the other hand, if the 
quantity bo as small as posable consistent with proper manipulation, the remit will be much higher. 
From numerous experiments and observations it was found that, as a general rule, a proportion of 
1 of water to 3 of oernent by measure, or 1 to 3} by weight, was the best, both as regards cooveaienee 
of mixing and results. With a much less quantity, the gauging would be so stiff as to* render the 
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manipulation most difficult, the risk of air-holes. the reduction of which to a minimum hi a point to 
> be partieularly attended to, would be augmented ; the angles of the mould would be imperfectly 
filled, ami generally a very imperfect briquette formed ; consequently the results of such teats 
would be unsatisfactory and unreliable. A much greater quantity of water would have the effect 
of reducing the tensile strength, rendering the results of tests equally unsatisfactory and unreliable. 
Of course, in general practice, it will be found that a slight variation in the above-mentioned pro* 
portions will be necessary, depeuding upon the age and degree of fineness of the cement, but only to 
a limited extent. 

The age of Portland cement, although strictly not a condition of manufacture, is an important 
element m its economical and safe use. Cement not only improves generally by keeping, hut the 
older the cement the leas danger will there be of its flung, inasmuch as free lime, ansiug from an 
excess of chalk, would be acted upon by the atmosphere, causing it to slake, and reducing the danger 
of expansion to a minimum. The age has also been found to exert considerable influence upon the 
rate of setting, causing it to require a much longer time to m t than now cement 
* The following analyses of constituents and couiont uiudo therefrom, will show tho ohemioal 
changes occurring in the manufacture ; — 

Analyses of raw materials mod by the Bixrham Cement Conijxmy — 


Gault day — 

Silica 40*61 

Alumina 16*06 

Oxide of iron 6*07 

Carbonate of lmio 25 06 

Magnesia *66 

Potash * 60 

Water and organic matter .. 5*00 


Gr< y Chalk- 

Carbonate of lime 87*50 

Silica * .. .. 7*00 

Alumina 1*15 

Magnesia .. 1*00 

Oxide of iron *80 

Organic matter and water .. 3 05 


Analysts of Portland cement man u fact ured by the llurham Cement Company- 


Alumina .. 
Oxide of irou 
Magnesia .. 

Pure lime 
Sulphate of lime 
Potash 


12*25 Knda 
4*30 Siluicuctd 
*30 t lav sand 
50 00 Moisture .. 

2 00 Loss . 

*85 


*75 
25*00 
3 00 
1*00 
*55 


AnaljhCs of raw materials used b> UoojHr and Co — 


Mi t C1 h> — 

( Aihonntc of lime 2 70 

Hilica 2i 86 

Alumina 5 12 

Oxide ot lion 1*08 

Potash and tu*da .. .. .. 1*30 

Water .. .. .. .. .. 61 76 


An.il) sis of Portland cement ruanufartiind b> 

Lime .. ..64 36 

hihoii ... ...... 2<» 12 

Alumina 6*22 


ltaw Chalk— 

Citrlioiiiih of liiuo 76 00 

Silica 1 ()0 

Alumina *73 

< )\idi ot iron . .. .. *36 

C irlxmatc of mugmwta .. *06 

Wab*r 21 40 

I/cw *27 

Hooper and Co. — 

Ox id» of iron I 58 

Pol anli anil soda 1*37 

Mugtusiu.. .. *05 


Good Portland cement, in its drv, ungauged condition, is of a uni form dull grey colour; 
occasionally a slight gr« emsh hue is oWnahh, h»iu< tiiup* replaced h) a slight bull tint A yellow 
or onrthy colour is almost imariabl) indicative of inferior quality. The colour can U* Is st olwcrvcd 
by pressing a small quantity on a sheet f f a bib* jm|h r with a clean, smooth trowel, or a pieoc of 
•licet glass 

I J Mann suggests that the op* ration of w« ighmg should be discard* d, and tho x|n'ciflc gravity 
be taken instead. That this 1ms not hith* rto been dono ih prolnibly duo to tho trouble and 
difficulty experw need in obtaining the sj>ocifie gravity by tho ordinary method. In the rase 
of Portland ceimnt a liquid must bo used which dr**# not chemically affect it The sprriflo 
gravity of this liquid has also to be taken and the results reduced to the standard of distilled 
wub r, tnvoh lug tedious arithmetical calculation*. To obviate those difih ulties, a simple grav imeter 
has been devised. It consists of a small gloss vessel holding, when filled to u mark on tho nm k, 
a given quantity of liquid, and of a glass pijsdto furnished with a grilduuttd stem ami stopcock, 
and containing, when filled to a mark on its upfier extn raity, a volume ot liquid equal to that horn 
by the first-mentioned vessel, minus tho quantity displaced by 1000 grams or the densest substance 
intended to bo examined. 

In using the gravimeter the pipette is filled to the mark with paraffin, turpentine, spirit* 
of wine, or any other liquid which does not act on the cement, preft rabiy paruflin , 1000 grains of 
the ament are then introduced into the stnalhr vessel, which Is placed under the pipette and filled 
to its mark. Before this is quite complete d the vessel may be corked, ami tho cent* nts shaken to 
remove small air-bubbles entangled in the cement The height of the column of liquid remaining 
in the pipette determines tho specific gravity, which can fie at onoe mol off on the gruduated 
stem. The denser the substance operated upbn, the has liquid will be displaced m the smaller 
vismI, and therefore the loss will remain m the pipette, and vne vtrta 

C. Cofopu has also experimented on the comparative tensile strength of grey lime and Portland 
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cement mortar, to ascertain what proportion* of Portland cement and aand would produce a mortar 
equal in strength and a* convenient to work a* grey lime mortar, the proportion* ordinarily' 
adopted for constructive purpose*. The mortar was mixed to a working consistency, equal, in Cad, 
to toe condition in which it would be used in the work. Tbe mass was then moulded in the 
frames used for testing Portland cement, where it remained until sufficiently hard to admit 
of removal. At the expiration of six months the blocks were tested for tensile strength. With 
regard to the lime mortar, containing 2 sand, 1 lime, 1*83 water, the fractured blocks showed that 
induration, or the chemical action of Betting, had penetrated only to the extent of from £ inch to 
•fg inch, but in the majority of instances to only 4 inch. The remainder of the area, although dry, 
and moderately bard, baa become so mainly from the evaporation of the moisture originally 
contained in the mass, and in no sense from tbe absorption of carbonic acid. It was possible, more- 
over, to crash it on the hand without any great exertion of force. The cement mortar, mixed in 
tbe proportions of 6 sand, 1 cement, 1*26 water, was of such a raw, harsh, character that it would 
be practically impossible to use it in a satisfactory manner. To render it somewhat more con- 
venient for working, a small quantity of lime or yellow loam was added, rendering the mortar more 
plastic and tenacious. This addition of lime and loam reduces the initial strength of cement 
mortar considerably, the reduction due to the addition of loam being more marked than by the 


small a proportion as oonld be used, to give the necessary tenacity. 

As regards the comparative adhesive power, it may be statod that the adhesive power of mortar, 
mixed in the proportions of 8 of sand to 1 of cement, with the addition of loam, was superior to 
grey lime mortar mixed in the proportions of 2 of sand to 1 of lime. 

0. Colson has mode numerous experiments on the strength of Portland cement concrete arches 
and beams to atoertain the relative supporting power of masses of concrete equal in quality and 
practically so in bulk, but differently disposed. It was also desired to show tbe relative supporting 
jiower of arches of the same span, rise, and thickness at the oiown, comjioeed of porous and non- 
porous material respectively, such as shingle and broken bricks, but mixod in the same proportions. 
The proportions, in the experiments in which shingle was used, were 6 of screened harbour shingle, 

8 of sand, and 1 of Portland cement. The proportion of sand was determined by the measurement 
of the quantity of water required to fill the interstices of the shingle when placed m a known cubic 
measure. In mixing the concrete as littjo water as possible was used consistent with thorough 
manipulation ; and iu depositing upon the centre great care was taken that there should be no 
horizontal IhkIh or laminations, but that the whole should form a thoroughly homogeneous mass. 

No. 1 exiicrimciit consisted simply of a beam of concrete, mixed in tho proportions as explained, 

9 ft. long, 1 ft. 9 in. wide, and 9 in. deep; tho distance between tho supports was 8 ft. 3 m., 
with a bearing of 4$ in. at each end. Fourteen days after mixing tho supports wore removed, 
when the beam suddenly gave way near the centre. Tho fracture showed that the concrete was 
perfectly sound, there Iming no vacuities whatever to cause u diminution of effective sectional area. 

No. 2 experiment consisted of a concrete Ik am similar in all respects to No 1, being made from 
tho Batno mass and deposited at the same time. In consequence, however, of No. 1 having failed 
on tho removal of tho supports at fourteen days, tho sup^torts were not removed in tins cose till 
tweinty-on© days after mixing. At this interval the beam stood perfectly Bound, and remained 
unsupported for a further period of seven days, when it was tested, and broke under a central load 
of 5 owt. 

No. 8 experiment oonsisted of a portion of No. 1 beam, 4 ft. 6 in. long, placed on supports 
8 ft 9 in. ai»art. This beam supports a load of 7 * 50 cwt. for seven days, when tho load was 
increased to 13*75 cwt., under wlnoh load the beam failed twenty-eight days after mixing. 

No. 4 consisted of u portion of No. 2 beam, 3 ft. 9 in. clear of the supports, and tested imme- 
diately after No. 2, at twenty-eight days after mixing. This beam failed under a load of 1*044 ton 
placed at tho centre. 

In each of these experiments tho I>eam8 broke suddenly, without the h*ast evidence, either by 
gradual cracking or otherwise, that the limit of load had bet n reached. One point, with regard to 
Nos. 3 and 4, deserving notice, is the difference in the l«id borne by each before fracture took 
place, the interval of time being the sumo. It is possible that in the case of No. 3, winch consisted 
of a part of No. 1 beam, the portion appropriated may have been slightly strained at tho tune of 
the first fracture on the removal of the supports at the expiration of fourteen days. 

Tho foregoing experiments being upon l>eams resting simply on vertical supj>orti, it was desired 
to know what increase of resistance to fracture would be derived from the ends of the beam beiug 
blocked in such a manner as to secure perfect rigidity. Sufficient concrete was therefore mixed in 
the proportions before described to form two beams. One, No. 5, was formed with the ends resting 
on piers, as in the case of the previous experiments. Tho second, No. 6, was formed between two 
counterforts of the wall, in which bearings 44 in. deep had been cut After an Interval of fourteen 
days the supports were removed, when No. 5 beam broke with its own weight in exactly tbe same 
way as No. 1. Having in view tho first failure, additional precautions were taken in removing tbe 
supports, the folding wedge* and bearers being all planed true in order to reduce the friction to a 
minimum. Tho ciroumstance* attending the failure of these two beam* being precisely the same, 
lend to the conclusion that the strength of the concrete as used, at fourteen clays’ interval, was not 
•efficient to withstand tho tensile strain at the centre due to its own weight The supports were 
removed from No. 6 beam at the same time, no sign whatever of weakness being observed. After 
remaining unsupported for a further period of sixteen dayi, the beam was tested by placing weight* 
on the centre, under 0*25 ton a faint crack was observed at the centre through the whole width 
of the beam; with 0*635 ton it had increased as nearly as could be determined to half the depth, 
H im, and opened to about ^ in. at the lower surface. Tbe frill extent of the fracture probably 
exeooded this, although not apparent on the surface. The load at the centre was ultimately 
increased to 1*292 too, when tbe beam broke. This experiment shows the necessity of guarding 
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•gainst the possibility of lateral movement, in the slightest degree, in the exporting gird m of 
n floor. 

1 Experiment* Nos. 7 end 8 were mode to oompare the gain in strength derived from a different 
disposition of the same hulk of concrete. The same proportions and dimensions were preserved, 
but the mass was deposited in the form of an arch with a rise of 9 in. at the centre The supports 
were removed from both arches at the expiration of sixteen days ; there was, however, no necessity 
for their remaining supported for so long a tune, as shown by subsequent experiments on arches of 
nearly double the span. 

No. 7 Testing was commenced when the concrete was twenty-three days old 'When leaded 
with 1*75 ton, a pig of iron, weighing 2 85 cwt , foil on one of the haunches, carrying away a 
portion. The arch then stood fur two davs with a load of 8 tons on the oentro Under a load of 
4*50 tons slight evidence of distress was observed at the crown, and with a load of 5*50 tons the 
arch failed by the complete crushing of the material at tho centre 

No 8. The testing of this arch commenced at twenty-eight days after mixing tho concrete 
When loaded with 5 tons, the testing wm susjpendtd for three days, it was then n sumod, and 
with a load of 6*75 tons the arch failed The slight indications of distrtss observed iu tho previous 
experiment appeared in this case, only immediately before tho fracture of the art h 

No 9 In this experiment the arch was 18 ft 9 in Ivctwcen tlio abutments, 1 ft 9 In wide, and 
9 in thick at the crown, with a rise of 9 in. Exactly the same proportions of shingle, sand, and 
cement were used. The centring was removed at m vtn days from the date ot mixing the concrete, 
and the arch was tested at twenty -ono days. A gauge was fixed iu order to ascertain tho amount 
of deflection duo to tho impost d load, which consisted of pig-iron ballast applied at the centre of 
the arch With a load of 4 tons slight signs of distress were observed at the crown, when tho 
gauge r< gistered a dt flection of £ in With an additional load of } ton, = 4 50 tons, the arch 
suddenly failed, with no greater indication of distress than was previously observed Tho greatest 
deduction registered was in 

No 10 consisted of an arch of the some span ami dim* muons, constructed and the centring 
removed on the same dates a » No 9, but tested uftir one month With 8 14 tons at the centre this 
arch failed, without even the slight warning observed iu the previous expt u moots 

'I he concrete for the last two exp< rinu nts was mixed in one mass as regards proportions of 
cement, sand, and shingle No 10 was, however, made much wettoi than No 9, to ascertain the 
efltet of an excess of water upon the concrete Judging Irom the n suits of these cxp< runouts tho 
efhet was to matmally rcduc< the strength of the com rote r l his was also found to lie the case 
wlicu concrete blocks were sulyoctcMl to compression in tho bydrauht pniw These blocks, 0 iu x 
6 m x 0 in , wt re composed of tlu> same proportions of cement, sand, and shmgli , us used iu tho 
arctics An equal number was mixed with a maximum and minimum of water and tisbd when 
six months old The name effect was also obw rvod when broken bricks and brnkin Portland stone 
were used for tho cancnt 

The eoncr< U for Nos 11 ami 12 cxjpr rimonts was eomnosedof brokt n bricks, mixod in the sumo 
proportions as used for the shingle arc his, viz 2 to 1 of brokt n brick and saud, and 8 to l of sand 
him cement 1m fore mixing, the broken matt rial was well dnm|>ed Tho necessary bulk of com re to 
for both arches was nnxtd m ono muss and dejiositod in position at tho sumo tunc Tin c« nt rings 
were remov'd m both cases seven days After mixing, and tho art lies tested at twenty light days. 
In No 11 txptrmient slight evidence of distress at the crown became apparent under a load of 
6 tons on the cintre, und with 0 77 tons tho arch failed. 

No. 12 was tested on the sumo day as No 11 arch, and supported a load of fl 50 tons lx fore 
any ludication of distress was observed , tho load was then gradually mcroased to 7 Obi tons, under 
which the oroh felled 


The superior strength of tho arches in the lust two txpiriments is evidently due to tho more 
absorbent and angular character of the material The appearance of the fmeturts in the two cases 
of sinngle and bioktn bnt k, showed a marked diff« renoe In the first cost , the strain destroyed the 
adhesive power existing lietwecu tho shingle and the matrix in no instance was a storm observed 
to be fractured, the casts bung, as a rule, clearly defined in the o<m<nt Iu the second case, the 
superior adhesive power c xisting between tho brokt n brick and cemout matrix wus manifest, in 
but few iustauoes had the cement k ft the surface of the brick, the general characteristic being 
that of complete disintegration ol both bnck and matrix 
CHIMNEY HHAFTO 


Chimney shafts ore constructed for a twofold purpose. To cause a sufficient flow of air, or 
draught, through the furnace, to main tain th< j«rfoet combustion of tho fuel with the least wash* of 
heat, and to discharge at a great height the heated air and smoke, which, by reason of tho 
noxious products contained, would be very injuri( us if ejected at a low altitude 

When used in conjunction with a steam engine, th< success of tho firing, m gt tting up steam 
quickly, and keeping it up steadily, depends m a great measure on the proper construction of the 
chimney , for without a properly regulated draught it is impossible to obtain a perft* t combustion 
Factory engineers, however, differ widely as to the best form and construction of a chimney for 
attorning the principal end in view, namely. tlio host draught at the least expense , tlte problem 
b* mg one of tnnse which present a wide field for inquiry, and admit of numv different mrihods of 
solution, according to the end m view. For it will bn evident that the velocity of the draught 
should be regulated by the work which the chimney is intended to perform , a steam engine shaft 
requiring a much sharper draught than one in connection with bnck or lime kilns, and a forgo 
chimney a sharper draught still It will generally be found that with a draught m the chimney 
of less tfoin o 5 on the pressure gauge, the firing of the furnaces will be a constant toil to the fire- 
man, he will be unable to avoid making a large quantity of black smoke, and in case of an extra 
demand for steam be will be unable to meet it , for no coaxing of a fire will make it bum brightly, 
or produce the red glow which is the perfect condition for raising steam, without a full command of 
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draught. According to the Lancashire practice, a steam engine chimney, leaving all considerations 
of cost out of the question, cannot he too large nor too powerful, provided it is supplied with 
efficient means for checking the draught, by properly fitted dampers or otherwise, whereby the 4 
supply of steam can be readily controlled at any moment, so as to work the engine at one-half its 
full power, and using considerably less than one-half the power of draught of the chimney. For 
this purpose the ordinary damper, say 3 ft long, of a SO horse-power engine ought to be open only to 
the extent of 8 to 6 in , thus having a surplus draught always at command for emergencies In every 
case the proper regulation of the damper will be found to be of extreme importance , a very moe 
adjustment being necessary to produce the best effect, either too much or too little air causing a great 
loss of fuel, and consequently a corresponding loss of power. An intelligent fireman, however, soon 
finds out by experience the proper height or opening of damper for doing the required work with the 
least consumption of fuol The best chimney draught, for a steam engine, takes place when the 
absolute temperature of the gas in the chimney is to that of the external air as 25 to 12 , another 

S radical rule is, that in order to ensure the best possible draught through a given clumuey, the 
imperature of the hot gases, in the chimney, should be nearly but not quite sufficient to melt lead , 
that is, about 000°. With steam boilers the heat of the air should not exceed 600°, and ordinary, 
well-burnt stock bricks will be tound to stand this temperature well , but with reverberatory and other 
brick furnaces, the air is often of a temperature of 2250° For such cases the chimney should be 
lined with firebrick throughout, and os the cohesion of mortar is soon destroyed with such high 
tomperaturo*, there should bo wrought iron bands round the outside of tho shaft, at regular inter- 
vals from top to bottom 

However well shafts may be erected, they are liable to be injured bv lightning or by high winds. 
As regards tho former, the chimney should be protect* d by lightning conductors As regards the latter, 
the force of tho wind in Kngland rarely extv eds 50 lb a sq ft, oven in groat storms, although it 
has boon known ooiftsionally to rise to 70 or 80 lb a sq ft. It has, howeier, been calculated that 
with an ordinary wtll-built chimney the forco necessary to ovt rturn it would bo 110 lb a «q ft 
In the case of a severe gnlo of wind if tho chimni y lias a at* ady rocking motion, like the swing of 
a jKjndulum, it Is probably safe, but if it has a swaying motion like a tree bent by a blast, aud 
recovering its< If duung the lull, its eventual fall is almost et rtain 

Tho questions of most interest in connection with large dummy shafts, either in orectinga new 
shaft ot rebuilding an old one, are the < xtornal and the internal proportions 

As regards tho external form, of which Figs 824, 828, anti 812 are examples, there is no roason 
why ft chimney shaft should not be both an ornament to the surrounding objects, as well as 
practically the best that could be construct* d for the purpose require Even m tho case of a 
circular shaft of norfectly plain and regular outline, cartful selection and contrasting of bricks of 
various colours. In bunds or other simple, regular patterns, or a \ arm turn in the colour of tho 
moitur, will often add considerably to the an bihctural ai)j)earaneo. The cap freqmnt y receives 
tho most decoration, but m very high shafts this is tin lust thing which should Is dt related, ns 
there is no use in chihoratdy eatving the top of a dummy shaft 200 or 300 It. high, neithci is a 
heavy stone cap, siveral tons in weight, lequimi foi tho stability ot the shntt A slight cor- 
belling out of t no bruk work for a fow courses m height, or u few bold mouldings cut in stone, 
are all that is required 

It is, howt nr, the internal proportions of a tin nine) shaft, its height and st ctional area, that arc 
chiefly of unjmrhiucc 

In fixing on the proper dimensions of tho vertical Bmoko flue, or lumde of a chimney shaft, it is 
a question whether, as is most usual, it should bo top« red or dimitiinhod in area towards the top, 
or w bother it ought to ho parallel, as wide at the top as at the bottom Those auestions will bo 
found tully treated ot in the artido on Chitnncra in this Dictionary Hut there is another 
question umte as important as eitlu r of tho nliovc, ami requiring a prior consult ration , namt ly, 
what are tlio proper dimensions, height, and ait a of a t himm j shaft most suitable for a steam engine 
ot any ghen mini Ur ot horse powt r? or, which is marl) the same thing, for burning nwuy a gnen 
quant it) of coals an houi V This will (Upend a good deni on the quuht) ot tin cods to lx) used, and 
the quantity of waste gust oils products arising from their generall) imperfect combustion m the 
furnace, tho best Newcastle or Hartlt) ooals, and the l>est Wdah steam coal, though requiring 
very diftercut trontimnt in tho furnaw , being found equalh in practice not to require such largo 
chtmncvs sta tlio mferior ooals of the English Midland and manufacturing districts 

Table I. of the diameters and blights required for chimiit) shafts of laiums horse p >wcrs hag 
been calculated according to tho rules gt\cn by Poo lot, hut it has been found in practice that 
chimnc)i having dimensions as calculated by these rules will on an a\emge, with gtwd manage- 
ment, do nearly double the work assigned by this table 

Thomas Box, iu his Treatise on Heat, gives the following table of the power of chimneys to 
steam boilers, tho flues having a constant Ungth of circuit of 100 ft , and although this length will 
evidently be too great for small boilers, the only practical effect it will have will he to make the 
chimney rather too powerful for such cases, but this is an error on the right side, it toiug always 
expedient to allow a margin for unforeseen contingent les, the t xcess of power being held in check 
by adjustment of tho register or dampor. in this table the power of the chimney is given at 25 
per cent of the maximum calculated power, thus allowing a margin of 25 per cent , thus the 
maximum power of a round chimney having au internal diameter of 8 ft, 6 in. and a height of 80 ft. 

will to —~g-— — 800 bonc-poww. 

As examples of the actual work accomplished by existing chimney shafts, Table HI. afibrds 
particulars of three chimneys at Deus Works, Dundee. In No 1 the draught was not good, on 
account of only one boiler being connected with tho chimney. In No 2 the furnaces ate situate 
at about the level of the base of the chimney. In No. 3 there is a rise of 68 ft from tbe firing level 
of the fend fifteen boilers to the bottom of the chunncy shaft, and a nse of 86 ft. from the remaining 
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faff yien; so that the total height from the firing level of the 15 boilers to top of chimney it 
925 ft From both these range* of boilers the smoke is conveyed to the chimney by a long sloping 
shriek fine or funnel, mostly under ground. 


Tabus I.— Power of Chimkeys to Steam Boilers* Ptfcurr. 


Horse-power of 
Chimney. 

Assumed 
Length of 
Circuit 
of Floes 
In Feet. 

Bright of Chimney in Feet. 

30 

40 

SO J 90 j 100 

Maximum SUc of Cldmnej in Inches. 

m 

160 

Square. 

Round. 





10 

7*8 

45 

18-40 

14-12 

12-95 





20 

16 

65 

28 SO 

19*73 

18*12 

17*07 



8 • 

35 

27 

85 

30*73 

26*10 

23*83 

22 39 




50 

39 

105 

36*96 

31*17 

28*41 

26 06 

25-45 



75 

59 

110 


37*96 

34*56 

82*39 

30*88 

4 4 

, , 

100 

78 

110 



39*63 

37*11 

35*35 

34*52 


150 

118 

| no 


,, 

48*34 

44*19 

43*03 

i 41*00 

1 89*57 

200 

j 157 

i no 


, , 

57*55 

51 *95 

49*40 

! 47*04 

! 45*38 

300 

! 235 

1 120 





60*23 

57*33 

55*20 

400 

315 

1 130 

’* i 

.. 

.. 

- 


05*97 

63*48 

500 

! 890 

I 150 

\ 


*• 





70*85 


Table II.-Power of Chimneys to Steam Boiler*. Box. 


1 Height or Chimney in feet. 

Inside ' ’ , ” j 

THanieU'r at 40 60 HO 100 120 | 1 M> 

the Top. _ . .. „ ‘ 




> Round. 

Square. 

Round. 

1 Square. 

Round. 

Square. 

Round. 

Square. 

Round. 

Square. 

Round. 

Square. 

it 

in. 

11.1*. 

11.1’. 

H I*. 

l».l\ 

IU*. 

11. 1*. 

lt.l*. 

IU*. 

11. t\ 

i 11 1*. 

ll.l’. 

; h i*. 

1 

0 

i 6*4 

8*1 

, . 

, . 




1 


j ** 

, , 

I 

1 

3 

10*9 

13*9 

12*8 

16*3 



,, 


, , 

, , 

, , 

> , , 

l 

6 

16*6 

21 0 

17-5 

24-8 

21*7 

27*5 




. 

, , 

, , 

1 

9 

23*5 

30*0 

27*9 

34 2 

81*1 

10*0 

. . 

. . 

, , 

i . . 

, , 

i « . 

2 

0 

31*9 

41*0 

37*3 

47*5 

42*3 

53*8 

45*7 

58*2 

. , 

1 

, , 

i 

2 

3 



49*4 

. 62*8 

55*8 

70*4 

60*0 

76*4 

63*8 

81*2 


, , , 

2 

6 



65*3 

83*1 

70*4 

; 90 *0 

70*5 

97*4 

81 ’0 

103*0 

i 85 

198 

2 

9 


! •• 

78*0 

IffO'O 

88*0 

1120 

94*9 

121*0 

101 0 

128*0 

106 

, 135 

3 

0 



94*0 

123*0 

1«6*0 

185*0 

1140 

145*0 

123*0 

157*0 

130 

165 

8 

6 




( # 0 

150*0 

lino 

168*0 

207 0 

175*0 

223 0 

186 

, 237 

4 

0 

1 " ' 



, f 

202*0 

257*0 

220*0 

280*0 

235*0 

300*0 

252 

; 32i 

5 

0 







860*0 

458*0 

388*0 

491*0 

415 

528 

6 

0 



.. 


.. 

: 

.. 

.. 

577*0 

734*0 

615 

783 


i j 


Table III.- Cwmxkyh at Dkih Works, Dr nuke. 


Internal Are* of Flue. 


No. of No. of 
Ho.Lth. Furnace*. 


Area of Flu* for each 
Roller. 


At Bottom. At Top. 


i CtmaumfriUm . vtyrHttfl 

\*0^lZk 
: iSSJS? !“r- 



Tbe best form of section fora chimney, as regards its stability, is the circular, next to it the 
octagonal, and lastly the square form; the force exerted by the wind being twice as great against a 
sq uar e chimney as against a circular one of the same diameter. The square and octagonal forms, 
however, possets one great advantage over the circular, and that is, that the biiek bond is much 
better aim stronger in either of the former than it is iu the latter. 

A general rule given for the height of chimney shafts is, that if the shaft bo square, its height 
should not exceed ten times the outside diameter at the top of the footings; if octagonal, the height 
may equal eleven times the lower diameter; while, if circular, it may be as much as twelve times 
the diameter. This rule, however, docs not seem to be very generally followed, as many chimney* 
exist with heights equalling hum fourteen to eighteen diameters. The diameter should decrease 
in a regular ma nner, being about one-third less at the top than it Is at the bottom. 






moaner shafts. 
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Table IV. shows the fate of diminution and the proportion of baas to height, in a number of 
large chimney shaft*. It will be seen that the proportions vary considerably in different places. 
Local customs donbtleM have their influence, but the special purposes in view have, and ought to< 
have, more influence still. For, as already pointed out, it makes a great difference whether the 
shaft is to be used for an engine boiler, an non furnace, or a range of kilns ; a flue that would 
answer perfectly well for one of these might do very badly for either of the others. 


Table IV.— Pbopobtiohi or Chimneys. 


Name 


Townsend's Chemical Works, Glasgow 

ftt. Bollox, Glasgow .. .. 

Messrs Dobson and Barlow, Bolton, Lancashire 

Chemical Factory at Barmen, Prussia 

Chimney at Bradford, Yorkshire .. 

Dye Works, Hogen, Prussia 

West Cumberland Iron Company, Workington, No 1 

Pontifex’s Works, Isle of Dogs .. .. 

Shell Foundry, Woolwich 

Messrs Goatling's, Nortbfleet, purt fell 

West Cumberland Iran Company, Workington, No. 2 

Boring Mill, Woolwich 

Jtocket Buildings, Woolwich 

Steam Engine at St. Ouon, Franco 

Saw Mill, Woolwich 

Paper Factory, Woolwich 


Outside 
Wan>« ter 

si Bsse 

Height 

above 

Ground. 

Diminu- 
tion of 
Width in 
10 Feet of 
Height, j 

Number of 
Diameters Higl 

ft. 

hi 

feet 

inches 


32 

0 

454 

4* 

144 about 

40 

6 

432 

7i 


42 

6 

807* 

10} 

8f *» 

18 

0 

831 

2* 

184 » 

20 

0 

800 

4* 

15 

18 

6 

274 

84 

144 about 

24 

0 

250 

5 


20 

6 

228 

6 

14 » 

1C 

9 

224 

5J 

18| „ 

22 

0 

220 

6 

10 

23 

0 

200 

5 

8f about 

13 

1 

170 

54 

18 

11 

6 

150 

5| 

13 

10 

8 

132 

5* 

12 about 

10 

6 

130 

5* 

12 „ 

10 

8 

120 

5 

„ 


Tho projection at the head of the chimney, if any, should not exceed three-fourths of the thick- 
ness of tno brickwork from which it projects, but it it is desired to have a very ornamental pro- 
jecting chimney-top, precautions must bo token to have a blocking course on the top of sufficient 
weight to counterbalance any tipping tendencu s of the overhanging |»rts. Very effective thnnney- 
tnpa muy be formed by gradually corbelling out tho brickwork m various ways before reaching the 
top. Hollow terra-cotta copings may be ustd with advantage, inasmuch as they can be cast to any 
form, and ore lighter than either stono or bnek, and are especially suitable where oonsidi rable pro- 
jections are required. Probably the best form of o&p for a chimney is one formed of cast iron, with 
u bold outside moulding , to bo oast in sections, and firmly bolted together at the top of the 
olumuey. This effectually invents ull percolation of water through the joints of the brickwork 
from the top, which, after severe frost, often cause* unsightly, if not dangerous, cracks in unpro- 
tected shafts. 

Tho projior thicknesses of briokwork for a shaft in a sheltered position need not be so strongly 
constructed as one which is always exposed to currents of wind, and therefore, in the former case, leas 
thickness of brickwork may bo adopted tlian in the latter. A good rule, given by Mulosworth, is to 
increase tho thickness of the shaft, from the top downwards, half a brick m every 25 ft, but this is 
scarcely over oarrit d out m very high shafts. We believe the following dimensions to be more in 
accordance with general practice, l^et us suppose a chimney 200 ft high, and square on plan, the 
width of tho side at tho top of the footings being 10 ft., and tho width of the top 0 ft G in , or aay 
6 ft. Then commencing at the top, and working downwards. 


The first 25 ft should bo 
„ next 25 „ „ 

»* W 80 W V 

>i »* 80 ,, „ 

n w 85 „ „ 

9» » 85 „ „ 

and the bottom 20 „ „ 



1 brick thick. 
■> - 

9 

8* 

A ** 


Sometime* the top 5 or 6 ft is only half a brick thick, but this doe* away with the bond, which is 
one of tho most essential things in all brickwork. 

Tho height of tho footings should be at least 10 oourses of bricks, the bottom course being 
8 bricks in width ; this will give a 2 brick set-off on each side of the wall, and if the courses he 
double, each sot-off will bo about 8| in. in width. The concrete foundation should be 20 ft square 
on plan, with a depth of 7 ft A section of the base of this chimney is shown in Fig. 821. The width 
at top of the shaft being 6 ft externally, and the walls 9 in. thick, the internal width will be 
4 ft 6 In. When the internal width of the ton of a chimney exceed* 4 ft. 6 in., it is the general 
practice to make the top 25 ft U brick in thickness instead of 1 brick; and as accidents have 
occurred where this rule has not been followed, it will evidently be advisable to adhere to it until 
such time as soience shall have provided the engineer with a better. 

Table V. shows how modi practice differs with respect to the thickness of brickwor k for shafts; 
it aflbrds details of three chimneys at Woolwich, and, for the sake of additional comparison, one 
ehtoiiqy mt Manchester. 
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Tabls V.— Saonom or Omom Shaft*. 



The building of a high chimney shaft is a work special in oil its conditions, and cannot be com- 
pared with ordinary walling 

All shafts ah mid be erected during the summer, operations l>oing commenced as soon as possible 
after the disappearance of frost If, however, through unavoidable circumstance*, a shaft has to bo 
erected during the winter, building operations must l>o discontinued on the least «j>)>curanco of frost, 
the surface being carefully covered to prevent miunous effects Brickwork hud in (Vosty weather, 
or between the joints of which moisture has been allowed to p< notate, and which afterwards 
becomes frozen, is almost ci rtain to be destroyed, when a thaw * ts in, by tho consequent swelling 
of the mortar. 

It is not advisable to erect a chimney shaft too qunkly, as the weight on the lower portion la 
constantly increasing and would bo liable to cause a slipping in the mass, if the mortar w<re not 
allowed time to properly set. As the setting of tho mortar d(‘i«nd» on the state of the weather, and 
on the quality of the lime or » ment employinl, the rate of progr< ss in tho In ight of the chimney, 
which can bo allowed with safoty, will dejiend ujxm the sumo two causes. Tho rate generally 
followed is from 2 ft to 2 ft <> m a working day, according to tho size and height of the shaft. 
In Manchester and some of the Lancashire towns, it is the custom in erecting vtry high shafts to 
carry them up to half thtir height, and then allow them to stand for six months to consolidate, at 
the expiration of which time the rest of the work is complctod , hut this is necessary only m tho esse 
of very high and large shafts, which could not be completed in a single season. 

The strength of a shaft chptnds, in a groat measure, upon the material* imployed in its con- 
struction and the quality of the workmanship A shaft should not lie tied to any existing building 
or wall, but its owu projK>rtions should secure its stability , nut her should any woodwork be fixed 
in or to it 

Brickwork built with Portland or Roman cement, requires a w< ight of about 80 tons n superficial 
foot to produce fracture from coinpn ssioii , and when built with blue lias mortar, thoroughly set, it 
requires about 29 tons, but nothing like this weight is over reached in chimney shafts. In proof of 
the strenglh of bru kwork, we may state that tin nun brick chiimx y at Manchester 4 10 ft high, one 
at Wt^an 420 ft high, and another at Warrington 440 it high, white the shaft at Town* nil’s 
Chemical Works, Glasgow, is 454 ft. in height , ami therefore, provided the bricks lie sound and 
good, there need bo no fear as to their strength, but all precautions will have to he taken respecting 
the quality of the mortar used. 

The bncke used should be pic ked stoc ks, hard and sound, with sharp, square edges, thoroughly 
well burnt, and of a uniform thickness. Win n any new form of bricks or terra-cotta orna- 
ments are used, they must be so made as to w< rk in bond, und in course, with common bricks ; 
for it must be n numbered that the bricklayer has to use them, and that, consequently, if thi y are 
of a complicated make, it is more than probable that the proper fixing of thorn will not be 
attended to 

The bnoks should be well wetted with water lust previous to being laid, in order to prevent their 
absorbing the moisture of the mortar too sapidly. The joints of the brickwork should be well 
flushed up with mortar every course , tids is much to be preferred to the ordinary mi thod of grouting 
every two or three courses, grouting being fluid mortar, which as the watt? dries out beeomre 
porous, and consequently posse*** out little adhesive power. The work should be bevelled and 
plumbed every 8 ft or oftaner, in order that the batter may be preserved |*rfet tly regular. 

Furnace shafts should be lined with firebrick to the extent of 10 ft. at the least above the 
opening from the furnace ; the lining should not be tied to or made to support the brickwork of 
the shaft, but be constructed independent of it, so that the lining may be cut out, taken away, and 
replaced, without endangering the structure. Moreover, a space should be left between the two of 
at least half an inch, to permit the interior firebrick lining to expand without disturbing tba 
mam exterior walls. 

Welsh Dinas brick, consisting of nearly pure silks, is the only material of those practically 
available on a Urge scale, that has been found to resist the intense heat at which steebmeltiDg furnace# 
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in worked ; but though this material withstands perfectly the temperature required for the fusion of 
the mildest steely yet it will be melted easily if the furnace be poshed to a still higher heat At 
the gas flame is quite free from the suspended dost which is always carried over from the fuel by the 
keen draught of an ordinary furnace, the brickwork exposed to it is not fluxed on the surface, and 
gradually cut away, but fails, if at all, only through absolute softening and fusion throughout its 
mass. A Stourbridge brick, for example, after being exposed for a few hours to the heat of the 
steel-melting furnace, remains quite sharp on the edges, and is little altered even in colour; but it 
is so thoroughly softened by the intense beat that, on attempting to take it out, the tongs press into 
it and almost meet, and it is often pulled in two, the half-fused material drawing out in long strings. 

Ordinary mortar is formed of 1 part by measure of Dorking greystone lime to 3 parts of 
sharp river sand. When it is desirable to have a quick-setting mortar of great strength, it is 
customary to use Portland cement and sand, in the proportion of 1 part by measure of cement to 
2 parts of sand. Cement should not be used new, as it improves with age, if kept from moisture ; 
while, if used new, it is apt to expand. Lime and cement should not be mixed to form mortar, as 
tho lime hardens slowly and the cement quickly. The crushing weight of Portland cement is very 
great ; nt the expiration of six months, after being made into a mortar of 1 part of cement to 2 of 
sand, it requires 1 ton a sq. in. to crush it, and about live-eighths of the crushing weight to produce 
the first crack. 

For tho making of ordinary mortar, Dorking greystone lime is the best ; but where a more 
hydraulic lime is thought desirable, blue lias lime is generally usod. The more hydraulic a lime, 
the less sand it will take up when made into mortar, blue lias lime being completely spoilt by an 
excess of sand ,* it requires but littlo water to slake it, and after being wetted it should be made into 
a heap and covered with sand. If previously ground, a good practice is to spread it under a shed 
some littlo time before it is required for use, and to slake it by tho moisture of the atmosphere. 
Blue lias commences to set in ton to fifteen minutes after being made into mortar. 

All tall structures, as we have ulready remarked, should depend as much as possible on the 
cohesion of tho materials, and gravity, for stability ; and when iron bands, iron cramps, or stays are 
used, care must be taken so to apply the metal as to run the least risk from contraction or expansion. 
It is customary in oreoting chimney shafts to use hoopdron bond every ten courses in height, one 
•trip for every bulf-brick in thickness of wall. Tho iron should be well tarred and afterwards 
oovered with sand, to give a rough surface to which the mortar may readily adhere. In footings, or 
in thick walls exposed to groat strains, Btrips of hoop- iron should bo laid diagonally, interlacing 
with those laid in a longitudinal direction. 

The depth of the foundation in compressible ground ought not to be less than one-eighth the 
intended height above ground, and oftentimes one-sixth would be better. The l>oso of the founda- 
tion is made at least one-half longer than the base of the shaft, and it is placed as low as the base 
ot the foundation of any ac\)oining wall or building. In doubtful foundations it should be placed 
lower than tho foundations of adjoining buildings ; for where this is not tho case there is risk of 
accident to the shaft, as the smallest irrogular settlement would cause a break in (he structure. 
An unequal foundation, part soft and i>urt hard, is bad ; and a compressible foumlution of clay 
marl, or shale, unsafe. It is therefore often ncoessary to enlarge the area by spreudtng the foot- 
ings, or by using inverted arches to distribute the weight. 

The following particulars will show the amount of care and caution which is required to be 
taken when erecting a chimney shaft near to any deep oxcuvations. At the London Docks a high 
chimney which was erected near the pumping engine house, stood on a square of concrete of con* 


Borne time after the chimney was built, the plumt>*bob showed that tho shaft had inclined several 
inches towards the excavation. A quantity of limestone was therefore stacked round tho base of 
the chimney, on the opposite side to the inclination, and this brought the shaft back to the 
perpendicular ; but had the shaft not been brought back to the upright, the first gale of wind would 
pnmably have blown it down. 

When concrete is employed to form a foundation, it should be spread over such an area that it 
xuay bo sloped at an angle of 45° from the outside of the footings of the walls, down to the bottom 
of the foundation ; and of such a thickness that it will not be liable to crack uuder the pressure to 
bo put upon it The proper thickness will of course depend upon the nature of the ground ; 
whether rock, gravel, clay, or sand. As a general rule, a concrete foundation of not less than 1 ft 
6 in. in thickness is adopted for shafts not exceeding 40 ft. in height ; an extra 4 in. being added 
for every additional 10 ft According to this rule, a shaft 100 ft high would have a concrete 
foundation 3 ft G in. thick ; and for one 200 ft high, the foundation would be about 7 ft thick. 

Care must bo taken in puttiug in a concrete foundation, not to carry on the work during frosty 
weather, as then a layer of concrete does not become thoroughly incorporated with the previous 
layer. Neither does proper mixture take place unless the meeting surfaces are kept rough, and 
free from sand; but by sweeping off all sand, and* if necessary, picking the face in furrows, and 
by breaking joint with the layers, water will not rufi through tlie mass. 

When oouorete is not exposed to the direct action of water, it may be made with Dorking grey- 
stone lime, in the proportion of 1 of ground lime to 8 of ballast This lime carries more sand than 
lias, and is but feebly hydraulic It the soil is wet, or the abaft is of great weight, the concrete 
should be made with hydraulic lime. With moderate hydraulic and common limes there will be 
an expansion of the mixed concrete, consequent on the slaking ; and this expansion should generally 
be allowed for in preparing the site for toe concrete, as it is seldom that the slaking Is wholly 
accomplished before urn concrete is laid. Blue lias ooncrete will, in hot weather, expand as much 
as one* thirtieth of its bulk, and in frosty weather, about one-fiftieth ; when the expanrion exceeds 
one-thirtieth, the concrete is too rich in time. 



CHIMNEY SHAFTS. 


860 


• Ai > hwm of lime concre te aet* tlowly, end it aobjeot to expentkm in totting, tin modem 
nractioe m *11 important world it to me Portland cement instead of lime* as the former does not 
fepand, and the concrete produced is also stronger. According to the result of a series of 
experiments, made by Crawford, for the purpose of asoertammg the beet description of ooaorete to 
be plaoed round the foundations of the river piers at GorUtx, Prussia, the proportions most suitable 
for Yielding a quiok-aetting bard concrete were found to be as follows . 22 parts of cement, 22 of 
sano, and 56 of stones broken to pass through a 2-in ring 

The footing is an enlarged portion of the wall, Fig 281, for the purpose of distributing the weight 
over the foundation , it is properly a portion of the wall and not of the foundation, though it is not 
always easy to draw the line between them 

The rise of the footing) and the mode of forming 3 

the increase to the thickness of the wall, will |||| — 

depend upon circumstances and the materials ||j ||| 

employed. For brick footings the projection of |i ||| 

the bottom of the footing, on each side, should H ||| 

he at least equal to one-half of the thickness of H ||| 

the wall at its base . the diminution tn width i| ||| 

of the footing should be made by regular insets, BtS 

and its height from top of foundation to base of ||| ||| 

wall, at the least oqual to one-half of the thick- ||| j ||| 

ness of the wail at its base Applying this rule ||| [ 

to the case of a shaft having walls, at its law, ||| 

2| bricks thick, then the bottom course of the ||| ||| 

footing will be tlve bricks thick, that is to say, ||| * ||| 

2} bricks under walls and a projection of 1$ * ||| 

brick on each side Two-aud-n halt bricks |||| ||| 

being about 22 in in length, om half of this |||| ||| 

length, namtl), 11 in. will be the hught from |||| «|| 

bottom to top of footings, or say four oournts of 
bncks, with \ brick hiik t on cat h side of wall to 
each course Whtn a shaft is to be o\er 100 ft - n 

high, increase the height of the footings, inakiug i ' v 1* '&* ' r f - 


it oqual the thicknrss of the wall at its base 
By this means the mm ts may be made double 
with less chance of splitting, and the wtight 
more gradually distributed over the concrete 
foundation 




Iii erecting a chimney shaft, espmally whin tall, the scaffolding should bo mmod up without 
a putlog hole m the shaft , that is, it should Im jarfutly ind» jHiufont, so us not to interfere with 
regular at ttleuunt This can be manugod by < row bracing on each solo of the scaffolding, and 
angle ties to sttadv the whole Chmini y shafts win n of sutlb iciitl) large diameter, art generally 
erected without the aid of ext* nor scaffolding the workman supporting Itimstlf upon a platform 
or staging constructed upon supports fixed on the inside of the chinmiv Horizontal iron liars 
are often built into the inside, they are placid about 18 in ajnirt, and form a kind of Judder by 
means of which a workman cun ascc ud a shaft to t xa utr u pairs 

Lightning rods should be made of tho u ry liewt am lucting material, and of a size sufficient to 
carry off the heaviest discharge that is ever likely to fall upon tlitm Tho only two concluding 
rat tala which can U dealt with in practice, ar» copjsr and iron With regard to the relative 
conducting value of copper and imu, it was forme rly consult rtd that if a rod of copper of givtn 
size be found to be sufficient, thin an iron rod, to be equally safe, ought to iiave eight touts the 
sectional aria of the former, but Brough has proved that the coinjiarativo stUiotml diini nstons 
need onl> be as 8 to 3 A liar of metal m the fortn tif a flat ribbon has Iks n rttcoinim ndetl from 
purely mechanical reason*, because in this form it is more easily bent, more conveniently attached 
to the budding, and is less oonspu uous tl an wh t n m any other form 

The chuf tonditions to lie observed m a lightning conductor art, that it shall lie of sufflcnnt 
sectional area, that it shall be continuous, and that it shall make g *od earth contact It is upon 
tho perfection of thu ground connection that tho value of the llgiitnmg rod mainly (h pends If 
this be defective, no other good features can possibly make up for it 

The end of the rod should bo mado to terminate m a layer of soil that is permanently wet, and 
it should expose to this soil as large a surface as possible 

As it is important that the end of the rod should lx in wet. moist oarth. It is ad vim bln to sink 
the earth contact of the lightning rod when the foundations are being put in A short portion of 
the stem may be allowed to me above the ground, and thr conductor attached subsequently. 
Ground rods should have two or more branches penetrating the earth, and should extend below 
the foundation walls. Where it is difficult to reach moist earth, the rods should be embedded 
In charcoal or coke. 

The lightning rod should be attached directly to the shaft, staples of stout wire being generally 
used for this purpose , the top of the rod need project but slightly shove the top of the shaft 
When a shaft has fallen from the perpendicular, through unequal subsidence in the foundation or 
other cause, it may generally bo restored to an upright position by sawing \m k, the method of 
performing which wrul be best understood from the following account of the straightening of the 
Townsend ch i m n ey shaft , — 

This chimney was, tn September 1859, shortly before its completion, struck by a gale from the 
north-east, by which It was deflected 7 ft 9 in. out of the perpendicular, and was several fact has 
in height than before it swayed , but when brought back to the perpendicular it r* gained its original 
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height The deflection began at about 100 to 150 ft from the ground, eo that the foundation and* 
heaviest portion remained firm ; but had not the prooees of aawing been commenced promptly and 
oonthmea vigorously, the chimney would have fallen ; for during the earlier part of the sawinf 
back the deflection was observed to be increasing, bat as the operations progressed the deflection 
was checked, and the chimney gradually came back to its perpendicular position. The sawing 
back was performed by ten men working In relays, four at a time sawing, and two pouring water 
on the saws ; the work being carried on from the inside on the original scaffolding, which had not 
been removed. Holes were first punched through the sides to admit the saws, which were wrought 
alternately in each direction at the same Joint on the side opposite the inclination, so that the 
chimney was brought back in a slightly oscillating manner. These saw-cuts were made at twelve 
different heights, namely, at 41 ft, 81 ft, 121 ft., 15 1 ft, 171 ft, 189 ft., 209 ft, 228 ft , 240 ft, 255 ft, 
277 ft, and at 826 ft. above the ground line. The men discovered when they were gaining by the 
saws getting tightened by the superincumbent weight. 

The accident to this shaft was due not only to tho action of the gale, but also in a great 
measure to the manner in which the scaffolding had been erected, no provision having been made, 
to allow of its yielding to the pressure which might be caused by any slight settling down in the 
mass of the chimney, and consequently the pressure which was thrown by the wind on the lee side 
of the stalk, the mortar of which had not become solidifitd, was too great for the scaffolding to 
boar, and caused the splice of ono of the uprights to give way. Tiio construction of this scaffolding 
Is shown in Fig. 822 ; b are tho uprights ; a thick planks which wero bolted into the uprights ana 
extended through the walls on each side ; these planks, which formed the soaffolding, were plaoed 
about 5 or 6 ft. apart vertically, and were tightly built into the walling, 
but had a little space been left over oach, tho stalk would probably have 
subsided uniformly, and withstood the gale ; but this error in its construc- 
tion was not observed until it was too late to remedy it c are the hutches 
for raising mon and materials, one ascending and the othor descending. 

Tho following is an account of the method adopted for struightening 
the lofty chimney shaft at Matthews and (ton's Chemical Works, at 1'itch- 
cotnbo, Gloucestershire, which had fallen considerably out of tho per- 
pendicular, but which was .restored to its original position by a some- 
what novel proooss. The erection of a new stack would probably have 
cost something like 800/., whereas this was straightened at about a tenth 
of that cost, and is now Btatod to be in as good a condition as a new one. 

This shaft is 182 ft. high, and was built in 1862. It had gradually fallen from its upright 
position, and when tested in 1875 it was found to lie 8 ft. 10 in. out of the perpendicular. H. J. 
Taylor, of Nailsworth, undertook to restore it to its original position by a process requiring no 
aoaffolding, and ho accordingly commenced operations, assisted by three workmen. The chimney 
is of an octagonal shape, and the means adopted for straightening it, was to cut out one course of 
bricks from nvo of tho sides, and to insert a thinner course in their place, and then let tho chimney 
fall back upon tho latter and so pull itself upright. For this purpose a platform was erected about 
40 ft. from tho base, and tho chimney, which at this point was about 2 ft. in thickness, was cut 
through by moanB of hummers and chisels. As the bricks were removed from each side, a thinner 
oourse was substituted, and the intervening spaces were filled with iron wedges. This work lasted 
for about throe weeks, during which time the weather was most unfavourable , the chimney, however, 
stood through it all, and when everything was iu readiness, tho wedges wore withdrawn and the 
atapk was brought to within an inch or two of its perpendicular position. It was calculated that 
4 in. would bring over the stock 7 in. at tho top, so that it had to be let down about 1} iu., and had 
this calculation been exot oded by \ in., the stack would have been brought over too far. 

After the sudden accident to the top of the Northfloot chimney, which occurred on October 2, 
1878, about 160 ft. still remaiuod standing. The upper portion of this length was in a shattered 
and dangerous condition, the walls having been cracked, as it appears, by the fall of huge quantities 
of brickwork down the inside of the chimney, where they struck on the series of horizontal timbers 
which still romainod in the places where they had been used to support the scaffolds. As each 
Umber was struck, it doubtless bent with tho blow, and the pressure of its ends against the brick- 
work, combined with Uie violent jarring produced by the full, liad given rise at many points to 
small but easily perceptible fissures in the walls. The lower part of the shaft, as far as could be 
asoertalned, was sound, and it was therefore proposed, if possible, first to throw down the walls as 
for as they wero iu a dangerous state, then to take down the slightly injured part by scaffolding, as 
before, from the inside, and finally to begin building again from the sound part towards the bottom. 
Charges of compressed guncotton were list'd, and were electrically exploded in tho interior of tho 
ehimney. Tho first dia not prove powerful enough to bo of much service ; a somewhat larger 
Charge was then exploded higher up the shaft, and though this proved insufficient to throw down 
the apparently dangerous portion, it rent the walls from top to bottom; here was then no 
object in leaving auy part of the work standing, and a third skilfully proportioned charge was 
fixed, which caused the whole structure, with the exception of 80 or 40 ft. at the base, to sink down 
slowly and almost vertically, into a heap of ruins. No injury of any consequence was done to the 
surrounding buildings. 

It is sometimes nee ossa ry to take down a shaft in a crowded neighbourhood, where it is impos- 
sible to loosen the bottom and let it foil In such oases a scaffold is erected and the abaft taken 
down pieoemeal. An ingenious arrangement for facilitating the taking down of an old chimney 
shaft, was employed a few years ago at Gilkes, 'Wilson, Pease and Co.'s works, Middlesbaroogh. 

An air-tight lion box was plaoed at the bottom of the chimney, this box being fitted with ea 
air-tight door, mounted on hinges and closing on an indianibber face against which it was tightened 
by a wedge. A wooden spout was then fixed on to the top of the box and carried np to the top of 
the chimney; this spent was 8| in. by 5 in. inside, and was made of planks H in. thiak, wett 
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•nailed together, with * little white lead on the edges, thus making the spout perfectly air-tight 
SThe spout wee made in about 12-ft lengths, joined together by cast-iron sockets or shoes, and 
caulked round with tarred yarn. A few stays were put inside the chimney to keep the spout steady, 
and steps were nailed upon it by which the men could ascend. The spout being internally } in, 
larger than the width and thickness of a brick, the tricks were partially cushioned in their fall and 
arrived at the bottom without any damage, As soon as the box was full, tho roan at the bottom 
signalled to stop, and then opened the air tight door and removed the bricks which hod come down; 
this being done, he again shut the door and signalled to go on again. The man on the top lowered 
bis own scaffold, and as the spout got too high, cut a piece off with a saw. If there was much 
mortar adhering to the bricks. It was knocked off before putting the latter into the spout, and it 
was allowed with any small pieces to fell inside tho chimney. The plan is certainly simple, and 
may he employed with advantage in many plaots. 

The following is a description of tho Townsend chimney, at Port Dundas, Glasgow, built by 
Robert Corbett, of Glasgow. 

The total height of tne shaft from foundation to top of coping is 468 ft., and from ground lovol 
to summit 454 ft.; the external diameter at tho ground lino being 32 ft, and nt tho top of oopo 
12 it. 8 in. The cope is of vitrified tile, it was made expressly for tho chimney, each plooo bring 
about 9 m. wide by 3 in thick ; it is flanged over the wall of tho shaft tti the 
manner shown in Fig 823, and it is cemented at the mints with Portland cement. 

The foundation, which consists of thirty coursos of brick on edge, tho lowest course 
being 47 ft, and the topmost course 32 ft in diameter, was commenced ou July 30, 

1857, and it was finished on August 20 of the same >oar. No nihw wore used m 
this foundation, as the shaft is built on tho bluo till or clay, winch is as solid and 
compact as rock. On the completion of the foundation, tho erection of tho shaft 
was proceeded with until November 11, which closed the first season; but the 
work was suspended during the interval iictwoen Roptcmln r 3 and October 5. The second season 
commenced on June 10, 1858, nnd closed on Octolxir 16 at which date the stalk had attained a 
height of 228 ft The third and lost season comm* need on .Tune 3, 1850, and the oopmg was laid 
ou October 6 of tho same vear, but the work had been suspended from Hopftcntlwr 15 to October 5, 
In consiqucnoo of the chimney swaying, and during this interval it was restored hy twolvo 
cuttings with saws on the side opiswite to the inclimitton, m the manner proviouwly desoribod. 

The inside lining or cone is of 9-in firebrick, and w about 60 ft in height ; it is built distinct 
from tho chnnntv proper, with an atr-smeo between, and is covered on the ton to prevent dust 
falling m, hut it is built with ojwn work in the upper four courses, so as to allow of air passing 
into the chimney 

The sixe of tho bricks used in tho construction of this chimney was 10 by 4 by 3) In.; they 
were made specially for this shaft, and the number consumed wan as follows , — 

Common bricks in chimney . . 1,142,582 


Composition and firebricks in cone 157,468 

Total 1,300,000 

The bricklayers' time was : — 


In 1857—316 days of 10 hours each. 

„ 1858 — 4314 
„ 1859-42 f} 

Giving a total of 1171 days’ time occupied in building tho chimney, or an 
average of 1110 bricks built by each bricklayer a day of 10 hours. 

Beside* this number of bricks used in the ohiran* y, there were al«> 100,000 used in con- 
structing the flues; the total number of brick* laid in chimney and flues being 1,400,000, tho 
we ght of which, at 5 ton* a thousand, ©quid* 7000 tons 

Iron hoo]M were built into tin* thickness of the shaft at iutcrvils of 25 ft In height, at tho 
bottom tin y wt re put nt a dist me of If in from the outer surface of the walling, and at tho top at 
4$ in. from tin surface 

The thickness of the wall of tins chimney vain** as follows, commencing at tho ground level 


The First Nation, 

30 ft 

m height, is 5 ft. 

7 in. thick. 

n 

Second „ 

30 ft. 


Oft 

2 in 

n 

n 

Third „ 

30 ft. 

H 

4 ft 

10 in. 

tt 

H 

Fourth „ 

40 ft 

ft 

4 ft. 

5 in. 

» 

W 

Fifth 

40 ft. 

It 

4 ft, 

0 in 

»« 

M 

Sixth „ 

40 ft 

ft 

8 ft. 

7 m. 

t* 

11 

venth „ 

40 ft 

ft 

8ft 

2 in. 

H 

VI 

F-ighth „ 

40 ft. 

It 

2ft 

9 ML 

»• 

11 

Ninth „ 

40 ft 

n 

2 ft 

4 in. 

m 

11 

Tenth „ 

52 ft. 

it 

1 ft 

11 in. 

H & 

m 

Eleventh * 

52 ft. 

tt 

1 ft 

7 in. 

11 

f* 

Twelfth „ 

20 ft 

ft 

1 ft 

2 in. 

H 


Total .. .. 

454 ft from ground 

line. 




The bright originally contemplated for the chimney was 450 ft. ; but when about 850 ft op, it 
was proposed to Md about 35 ft to the original bi ight making the total height 485 ft ; hence the 
inemsed height of the tenth and eleventh sections ; on the completion of the eleventh section, 
however, thimidea was abandoned, and therefore only 29 ft were oddqd of the last thickness. 
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The Concrete chimn ey shaft, Figs. 824 tad 825, was erected in 1878 for the Biter Wear Goa* 
misrioners at their chain testing works, at the Stbth Bocks, Sunderland. The shaft is carried 
up square until it is well clear of the roof of the testing house, the outride dimensions being 7 ft 
6 in. by 7 ft 6 in. by 22 ft 8 in. in height, and the interior dimensions 4 ft. square ; the whole of 
this portion is lined with 9-in. firebrick. At this level the corners are gradually taken off the 
square bate until, at the height of 24 ft 9 in. above the surface of the ground, it is brought into the 



octagonal form of the tapering portion of the chimney. This octagonal and tapering portion of tho 
shaft, in which Die difficulty of the work chit fly centred, was moulded in the following manner. 
Panels 8 ft. in height Fig# 826 and 827, were formed of {-in boards, hinged together Fu pairs at 
their outer o^oa, and these panels were so proportioned that the hues of their outer edges, wheu 
produced* came into ono poitgtin the oentre at naif the height of this section of the chimney ; the 
intermediate (pace being madWup by a wedge pieoe. These panels were placed on the inside and 
outside of the chimney, and the concrete poured in between them. After tbo concrete had set, 
the wedge pieces were taken out and reduced, to meit tho decrease in site on the next lift due 
to the batter; the amount of this reduction being just sufficient to take off, on one side of the 
wedge piece, the holes for the stud bolts, which connected it to the upright roeralters of the frame. 


When the stalk of the chimney had been carried up to the half of its full height, the panels were 
sufficiently reduced to admit a second set of intermediate wedges, of exactly the same dimensions as 
those introduced at the level of the base mould, thus bringing the inner edges of the reduced panels 
into one print at the centre of the top of the chimney, in a manner similar to that in which, at their 
original dimensions, they had been brought together at half its height, and so affording a test of 
the aoouracy of the work ; for the uprights being 6 ft in length, and always being moved with 
the panels, which were one-haif of that height the former had a continual hold of 3 ft. on the 
completed portion gfl the work, and by this arrangement regularity in line was ensured. The 
chimney when completed was atncooed with cement and drawn in courses to imitate stone. 
The oonciete was mixed in theproportion of one part of Portland cement to five of gravel. 

The chimney shaft, Fi igs. 828 to 881, was erected in 1882 at the works of the Sooth Metropo- 
litan Gas Company, London. Fig. 828 is an elevation, Fig. 829 a section. Fig. 880 a seotional 
plan at the ground level, and Fig. 881 a cross section at the level of the top of the b utt r es ses. 
The shaft is contracted with a square fine, 5 ft. in diameter, the interior being straight and parallel 
from bottom to t op. The walls of this fine are only 14 in. in thickness throughout the whole of 
their height the necessary strength and stability being given to the chimney by means of 
buttresses, which are bnilt on each of the four sides. The chimney is lined with ntebriok from 



108 ft The cap if of cast iron, and weighs 2 ton* ; and the top of the 
chimney it finished with a copper rim ono-ei^bth of an inch thick. 

Another design of chimney abaft is FigH. 832 to 837. This is elected at 
the West Philadelphia Workshops of the Pennsylvanian Ihuirnud, 11.8. ; 
it is 121 ft. 8 in. in height above the ground level, and is built of brick 
upon a stone foundation, the cap being of cast iron. In plan the shaft is an 
.eight-pointed ator, resting upon a circular base : the points of tho star ore 
built hollow, and are provided with air-opening* at the top and bottom of 
the chimney. An inner lining, 4) in. thick, runs from bottom to top of the 
floe, but is not bonded to the rest of tho brick work ; and this lining to 
about a fourth of its height is of firebrick. Fig. 832 is an elevation, 

Fig. 833 a sectional elevation, Fig. 834 a plan at top of circular base, 

Fig. 835 a section at abont 20 ft. above the ground level, Fig. 830 a 
auction just below the springing of the cap, and Fig. 837 an enlarged 
section of threap 'and corbelling. The diameter of this shaft is at its base 
18 ft; at the springing of the cap, the corbelling of which commences at 
108 ft above the ground level, the diameter is 8 ft. 9 in., and the extreme 
diameter of the cap 14 ft, the interior diameter of the flue, the tides of which are parallel and per* 
Madkolir , being 4 ft. 

COAL CLEANSING AND WASHING. 

The proportion of large coal to small which is obtained from any seam, varies, under similar 
of working, in inverse proportion to its hardness ; with hard-steam or anthracite, this 
nmoftioa will genentty be small, but with the rich bituminous coals, tee proportion will often be 
••high as 50 per cent of small, while in the Belgium coal-field* where the coals are very soft the 
ppytlgs of Urge averages only shout 40 per cent, and often falls as low as 80 per cent of the 
teteLqueBifrr h oled, tew giving an average of 00 to 70 per cent of small. 

The male coal when mess is chemically and intrinsically as valuable as ss article of ft* el, 
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m the large, the only difference being in the mechanical conditions under which ft erirti, Bet* 
when cent to bank tins duff or slack, as it is technflttly called, through carelessness in loading the 
tabs and from other unavoidable causes, generally contains a large percentage of impurities, such 
as shales, iron pyrites, carbonate of lime, and carbonate of magnesia, which render it totally unfit 
for use, either in blast furnaces or oilier metallurgical operations, or for the manufacture of ooke ; for 
all of which purposes it is required that the coal shall be of as pure a quality as possible. 

Several plans have from time to time been devised for effecting the separation of these impurities 
from the coal ; but most of them have failed to accomplish the object sufficiently well, without 
incurring a considerable waste of fine coal, heavy cost in wages, and the fouling of a large quantity 
of water. This last objection has been a very serious one, and in many places, on wig account 
alone, coal washing has been abandoned, consequent on legal proceedings having been taken against 
collierygiroprietors for polluting the streams ; oat by filtration this objection has to a great extent 
been overoomo. 

The oldest method of ooal washing, which is still largely employed in the Lancashire, Yorkshire, 
and other north of England districts, is the sloping trough, which consists of a wooden trough 200 
to 000 ft. in length, and varying in width, in different districts, from 18 in. to 8 or 4 ft, and having 
an inclination ranging from 1 in 70 to 1 in 48. The ooal to be washed is fed into the upper end, and is 
gradually carried forward by the action of a continuous stream of water. At intervals of 10 to 80 ft. 
steps or traps, about 8 or 4 in. high, are placed across the bottom of the trough, to intercept the 
pyrites, shale, and waste, which, by their superior gravity, fall to the floor of the trough, the specifio 
weight of shale being 2*7200, and that of ooal but 1'4696, and when these traps get filled up, a 
slide or door immediately underneath is opened, and the impurities drop out. When the ooal 
reaches the bottom end of the shoot it passes dver a perforated plate of copper or smo, through 
which the greater part of the water passes, carrying with it some of the finer particles of the coal. 
From this plate the coal is delivered into tubs, having perforated bottoms, in order to allow as much 
of the water as possible to drain away. This water, together with that which drains through the 
plate at the end of the trough, flows into catch ponds or settling pools, in which the fine ooal 
becomes deposited, and from which it is periodically removed, ana conveyed to the coke ovens. 
These ponds are generally from 20 to 80 ft. square, and about 4 ft. in depth. Sometimes, instead of 
the traps, square holes arc left in the bottom of the trough, and below these openings boxes arc 
constructed, in whioh tho impurities collect in the same manner that they do behind the steps, and 
from which they are removed by a similar contrivance. 

The length of trough over whioh it will be neoessary to pass the ooal, in order to thoroughly 
wash it, as also the amount of inclination which may be given to the trough, will depend upon the 
nature of the impui ities ; that is, upon the difference between their specific gravity and that of the jOfh 
For instance, when there is a large proportion of shale, it will require to be passed over aVRbg 
trough having a very low angle, but when the impurities oonsist mainly of iron pyrites, the length 
of tho trough may bo considerably reduced, and the angle of its inclination increased ; so that a 
given quantity of the latter ooal would be cleaned in a much shorter tune than tho same quantity 
of the former. 

The oool-waahing apparatus employed at the Inoo Hall Colliery is constructed on these prin- 
ciples, and consists of a line of spouts attached at one end to tho slack or duff hopper of the nut- 
screening apparatus, which are continued to each row of ooke ovens, or if necosaaiy to each oven. 
By means or valves worked by an attendant, who is stationed near the coke ovens, water and slack 
arc admitted, together or separately, as required, into the spouts at the end attached to the nut- 
sercon. The distance from the screens to the ovens is about 600 ft., but this distance could have 
been doubled with advantage. 

Tho spouts are arranged as follows ; — From the screen for a distance of 275 ft. the trough is 
about 10 in. by 10 in. inside, and is fixed with a fall towards tho ovens of 1 in 18; the next 40 ft. is 
10 in. by 10 in. with a fall of 1 in 24 ; and the next 70 ft , 23 in. broad by 10 in. deep and felling 1 in 
24. Tnese spouts are supportfd by single upright poles whioh are placed at intervals of about 60 ft. 
apart, the oentro of each length of trough being held up level by wire-rope suspenders or rays, 
reaching from pole to pole, m the manner shown in Fig. 838. At a point 326 ft. from the slaek- 
soreen there is a valve m the bottom of the trough, whioh when opened, the slack being previously 



•hut off at the screen, allows all the dirt and refuse that may be deposited in the spout down to this 
point, to fell Into the dirt waggon beneath. Fifteen feet lower down there is a dam formed of a 
pieoe of wood 8 in. deep, which arrests the program of any of the lighter particles of dirt which do 
not settle higher up the spout When the dirt collected behind this dam reaches to the top of the 
piece of wood, a second and afterwards a third piece, eaoh of the same depth as the first, is inserted, 
and when the aooumulaikm of refuse attains this depth, a valve in the bottom of the spout is 
opened and it is allowed to fell into the dirt waggon which is placed beneath, and the two uppe r 
ptoaes of wood are removed from the dam. At a point 24 ft lower there is again a dam, formed by 
a similar pieoe of wood, which seooras any stray pteoea of dirt that may have escaped the obstruo- 
tkms higher up; and 81ft nsarar the ovens there is another tooae dam 2| In. hl^i, and at this tsttor 
potat thato k a valve to kt out the dirt from both these dama. y 



COAL CLEANSING AND WASHING. 


861 


The quantity of Arley Mine dock crashed daily is 120 tons, yielding about 6 per sent of refase ; 
•the quantity of water required being about *0 to 90 gallon* a minute* The attendance to the 
washing department costs three shillings a day, or three-tenths of a penny a ton on tho slack. 

The advantages of this mode of washing small coal are simplicity of arrangement, the chief 
requisite being a copious supply of water, economy in first outlay, and in ooet of working and 
upholding, the spouts, dams, and valves being simple in design and not difficult to keep in order. 
There is also a considerable economy in the carriage of the slack by water as compared with 
ordinary modes of transit, the difference in this case being greatly in favour of this arrangement ; and 
it is efficient, the cleansing of the coal being complete oml the quality *f the ooko greatly improved. 

In an example of coal washing on the above system in Wales, the length of trough over which 
the ooal passes is only 240 ft ; tho quantity of coal washed a day is 70 tons, from which alnwi 
8 per cent, of shale is removed. The ooet m labour is equal to about three farthings a tun. In this 
ease the wator required for washing the coal does not require to be pumped ; when this is not tho 
case, the oost of pumping; will considerably increase the cost of washing as here given. 

Morrison’s coal-washing machine consists of a cast-iron cistern 5 ft long and 3 ft. G in. wide; to 
the back end a cylinder is fixed, in which works a piston, and this cylinder is connected nt the 
bottom with the inside of the cistern. Tho front end of the cistern is made lower than the l»ack, 
and it is fitted with a spout for conveying the washed slack to the waggons. Towards the top of the 
cistern is a false bottom oompoeed of a perforated plate of copper, whion is support (d by a east-iron 
grate ; this false bottom is stopped short a few inches from tne front end or tho cistern, and over 
the opening thus left there is a plate extending from nido to side of tho vessel, which can be 
lifted by means of a handle; and this plate rests partly ujjoii tho false bottom. Tho water to the 
machino is supplied by a pipe and oocx, and meets the coal to to washed as it descends from tho 


•pout 

The cistern being filled with wator, and the material to be washed resting on tho perforated 
false bottom, the reciprocating action of the piston in tho cylindor forces tho water through the 
perforations in the false bottom, causing the heavier particles to descend to the lower parts of the 
mass, while the pure coal, being lighter, n mains at tho top, and.is carried by tho stream of water over 
the fircmt end of the cistern, down the spout, and into tuo waggons. When tho dirt on the false 
bottom has accumulatod to a certain thickness, it is allowed to mil into the bottom of tho outcru, by 
raising the slide or plate above described. In the bottom of tho oist< rn is fitted a second elide, 
which is opened occasionally and allows the dirt to drop out on to the ground, and from there it is 
filled into waggons and conveyed to the dirt-tip. 

At Coxhoe, Lancashire, tho cost of washing, with a Morrison’s machine, was about three half- 
pence a ton. The percentage of loss depends on the purity or otherwise of the ooals, and on their 
•hm. Duffi for example, of the liettou seam, loses about 22 per ouit., pea-small and duff about IB, 
and rough small 14 per oent. 

Kingswood’s washer is a double Morrison, arranged so that the dirt which falla to tho tottom 
of the cistern, instead of being allowod to drop out upon tho ground, is conveyed by elevators to 
a convenient point at the side of the machine, where a waggon can l>e placed to receive it. 

The principle objection to these machines consists m the intermittent action of the piston ; for 
while the downstroke forces tho water up through tho perforated plates, and caumw tho material 
that is to be washed to be held in susi>ension, so that the substance of the lighter specific gravity 
may be floated away, the upstroke creates a vacuum, nnd tins brings the material down on the plate 
ogam. If a continued upward force were applied the machino would do double the amount of 
work. As a means of overcoming this objection, it ha* been proposed to shorten the stioke of tho 
piston, or to run the same at a high speed, win re the latter is available. If the water wi re supplied 
from a good toad, through a senes of small pi|>es, it would obviate the use of pistons, but more 
water would be required. 

Green and Bell's coal-washing machine consists of a trough with a breakwater, and a door 
hinged at the bottom end of the trough over the refuse hole ; and of a scries of rakes which are 
worked by means of a crank, and a connecting-rod from any motive power. Thu dams anil rakes 
are lifted by a handle and bell-cranks, tho fulcra of the latter being supported from spars ; and 
the bottom of the coal and refuse spouts are each provided with wire gauze to allow the water to 
pass into the outlet. The coals to be washed arc put into the hopper, the door is opened to admit 
the ooals into the trough, and at the same time water is let in by opening a cock, the wator 
carrying the ooals along tho troughs. Tho coal, assisted by the action of the rakes, and being 
lighter than the oontained impurities, is carried along the spout, over the dams, and finally over tho 
end of the spout into the coal waggons. The foreign bodies are obstructed bv tho dams, and when 
these are silted, up, the coal is shut off, and tho rakes arc thrown out of gear ny means of a handle, 
which lift* tho connecting-rod from off the lever of tho rrcking-shaft ; and the dams, rake, and 
refuse door being lifted simultaneously by the handle and bell-cranks, the water washes down tho 
trough all the foreign matter, which mils through the refuse hole. 

At Maesteg, near Bridgend, Bhepperd’s coal-washing machino is in operation ; it is shown in 
side elevation, rig. 839. and in section through the washing and settling chambers, Fig. 840. 

The coal to be washed is delivered into a hopper A, from whence it is passed through s pair of 
rolls, is then elevated to a screen B, by which the fine or dust coal is removed, and the 
remainder screened into three sizes, each size falling into a separate compartment, where it Is washed 
by itself. The ooal should be washed as soon as possible after being raised, as the coal dust when 
newly raised is nearly all pure coal. The shales come out in small cubes, or flakes, which will not 
pass through the fine Wire that allows the dust to escape; but if the ooal be kept long exposed to 
tiWvfhm* influences, the shales will decompose^ a good deal of them be redooed to powder, snd 
none portions dissolved; whereas when fresh wrought, the short time during which the ooal Is 
•aJbieoted to the washing is not enough to dissolve there sha le s, sad they ore passed off with tha 
pyrites nS hander sobstanoes. 
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After washing, the coal fails into a trough 0, where the water is drained off, and from whence 
the coal is discharged Into a waggon or hopper* At the Llynvi Works the fool water flows into a 
settling pond, to allow the fine coal to subside ; the water is then returned to the machine by a 
centrifugal pump, and is used oyer again. In other examples of this machine, settling ponds are 

839 . 



dispensed with ; a chamber D, Fig. 840, being added to the machine, and from this the water is 
returned for u»o through the valves v without pumping. The washed coal is passed from this 
chamber, by means of the endless screw 8, iuto the trough 0, and from thence it is raised by an 
elevator having perforated buckets, and deposited in tho shoot K, from whence it passes into the 
coal waggons. These perforated buckets allow the water to drain from the coal ana run back into 
tho machine, and consequently there is no discharge of 
foul water ; and a very small quantity is therefore re- 
quired to keep the maohine in action, only just enough 
to compensate for that which will not drain off from 
tho coals. This arrangement removes one of the greatest 
objections to the use of coal-washing machines. 

After the screening and separating of the coal into 
various sices, the sluice valves F, through which tho 
rubbish passes, can bo regulated, so that tne opening in 
each valve may allow it to pass out and not the coal, as 
would be the case if small coal and large rubbish were 
in the same box. The shale is conveyed to the side of 
the machine by the screw B, and is discharged into the 
tram from the shoot T. The quantity of slag or shale 
removed varies considerably, depending upon the 
amount mixed with the small oool. Fourteen per cent 
baa been removed by this process, whilst the quantity 
of small coal which passed away with the shale was 
very small, and in examining these particles it was 
found that they generally had pieces of pyrites attached 
to them. The quantity of small coal carried off by the water, and collected in the settling ponds, 
varies from 5 to 8 per cent, of the total quantity passed through tbe machine. 

It has been found from experience that tho smaller the coal the more dense the coke made from 
it, and thus it beoaxne desirable to attach crushing rollers, which in the case above mentioned 
are set to a (-in. gauge, through which all the coal p ass es It may be desirable to crush some 
coals finer foa* others, but as the rollers determine the quantity of coal passed through tbe 
machine, and the regulation of the proper quantity of coal to each compartment, the f-in. gauge 
has been found to answer the purpose beet in the above instance. A jigging screen has also been 
attached for the purpose of separating the ooal suitable for each compartment ; tbe classes into 
which the coals are separated are nuts, seconds, and small, and by this division the quantity of 
water required for the separation of the sliaie from each class of ooal can he more easily regulated. 
The very fine dust is named over without washing, as it was found that whilst woridog without 
semens the email dust nad to go into the bashes with the rest of tbe coal, and wes earned off by 
the water to the settling poods, and these latter, therefore, became much more rapidly filled with 
mail ooal than when the screens were used and the dust named over unwashed. 

The cost of woricing this machine is a trifle over tyA a ton. This oast does not include 
the labour employed in putting the small ooal to rtodc, or taking it from the stocked coal, if such 
bee been found neoesmry. 

Am regud* ti>« continued Bring of tbe mud. nuter, it luu been pnmd by uperimaH by 
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Howe, at the Cloy Croat Collieries, that there It * greet advantage In to doing; for the coat of 
washing wet there reduoed from 16* 33d. a ton of clean coal delivered from the apparatus, when 
the water was allowed to run away, to 12- HW. a ton, when the water was need over again after 
having patted through the settling panda. 

Figs. 841 to 843 relate to Sheppord’s machine for washing breeze and ashes, and ii con- 
structed on the same principles at the coal -washing machine. Fig. 841 ia a side elevation, Fig. 842 
an end elevation, and Fig. 843 a section through the machine. 



The clean breeze at each stroke of tho piston A, ia carried on to the perforated pluto B, through 
which the water drains to the settling chamber C, and from thence it passes through the valve V, 
into the body of the machine l>, to be again forced through tho adit s ; so that it continuous circula- 
tion of the tame water takes place. The clinker, as it accumulates on the false Is it him K, i§ 
removed through a sluice in the same manner as the shale In the coal-washing machine ; it is then 
ca rried to the tide of the machine by the action of the screw 8, and from there it is ruised by tho 
elevator F, and discharged ; the buckets of the elevator arc perforated. The clean breeze deposited 
on B, at each stroke of the piston, is removed by the brushes G, and posses down the shoot 11 into 
the waggon. The brushes G are so arranged that the breeze deposited on the plate by one stroke 
of the plunger, is cleared away by a brush before another lot is forced forward by a succeeding 
stroke; the perforated plate is thus kept always open and so allows the water to drain quickly 
away. The quantity of water required to work this machine is very small ; and the power required, 
with screen ond elevator, is only about 3 to 4 horse-power. 

Figs. 844, 843, and 846 are of Berard's machine. Fig. 844 is a side elevation, Fig. 845 a front 
elevation, and Fig. 846 section. The oo&l to be washed la discharged into the hopper A, and from 
there it is raised by an elevator, making one complete revolution for every seventy-four strokes of 
the engine, and from which it is worked by means of s strap and wheel gear. By this elevator the 
coal is delivered on to the inclined plane B, into the four troughs C ; each of these troughs is 6 in. 
wide by 6 in. deep, and has at its end an opening 10 in. long by 4{ in. wide, which is situate 
immediately over the centre of each of the washing compartments I). A stream of water regulated 
by a {-in. tap washes the coal along each trough until it drop* through the openings into the com- 
portments P, each of which is 5 ft 8 in, bug, 3 ft. 3J in. wide, by 1 ft 6 in. deep ; the bottom of D Is 
formedof a oopper plate Ain, thick, which is perforated with holes A in. in diameter and l in. apart 
fioor es atm to oentie; ana this (date is supported by the cast-iron frame E, to which it is fastened 
by forty-eight f-in. bolts ; the piste G is to prevent the coal being washed too readily over the ledge 
8L A pipgJ,oc 2{ in. diameter, conveys water to the under side of the perforated plate, the quantity 
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ihia shoot is provided with s sine plat® j in. thick, and perforated with boles { in. in diameter, 
which allows a portion of the water and sue coal to drain along the trough R. 

At the front of each compartment D, there is a valve F, 38 in. long and 8 in. thick lor im 
latteg the egiess of the impurities; this valve is raised <* lowered by means of the lever I Tm 





The engine for working tliia machine has a cylinder 12 in. in diameter, 10 in. stroke, and makes 
sixty strokes a minute, with a steam pressure upon the pistou of SKI lh. a wj, in. At tliis stsed tho 
machine washes 15 tons of coal, and requires 18,800 gals, of wator an hour; 4400 gals, being 
required to wash the coals along the four troughs, and 14,400 gals, under the jMrforated plates; 
the level of the water in tho reservoir being 27 ft. ulmvo the level of the pii>« XT. 

D being partudly filled with unwashed coal, the w»t<*r is turiu d on under the perforated plates, 
water also flowing along O and into D with the incoming coal ; as the pistons I* descend tin y force 
the water through the perforations in the copper plates, and so lift the whole mass of coal in 1), tho 
impurities descend and rest upon the plates ; mid this action being continued tho ooai fills up D 
ana is washed over tho ledges H, slides down the shoot Q into the tram T', and along the trough It 
into the tram T ”, These trams soon fill with coal and water, and as the coal continues to fall iulo 
them the watt r flows away over tho top of the tram ; this water is conveyed by pipes to a catch 
pond, 100 ft. long, 6 ft. wide, and 2 ft. deep, where a portion of tho fln< r particles of coal carried 
away by the water is deposited ; nfter overflowing this catch pond tho water is caught in a s»*oond 
of the same dimensions, and from this it is allowed to flow away. When it is found that the shale 
has collected to a depth of about 0 in. on the bottom of 1), the slide valve V is ldb d by the atten- 
dant, and it passes into the cliamber N. The loss of coal in washing is from about 10 to 12 per 
cent when weighed saturated with water ; and there is a further loss of 8 per cent, win n weighed 
quite dry. 

The cost of working is about id. a ton. At the Park Colliery, Tondu, 1800, they had washed 
1924 tons of coal with Berard’s machinery, at a oont of about 2*84 d. a ton. The machine, when in 
full work, washed 200 tons of coal a day of ten hours; 0241 gals, of water an hour imummhI through 
the catch ponds from the machine, and each gallon of water contained on leaving the catch pools 
103*8 grains of impure coal in suiqx muon — 92*2 lb ; the coal suspended in the water was sepa- 
rated for examination and estimated by filtration, a portion was burned in the muflle and Yielded 
25*91 per cent, of ash. The 92*2 lh. of co/»l carried uway by the water an hour, multiplied by 10, 
the number of hours which the machine woik/d to wash 20 0 tons = 922 lb., and this divided bv 
200, the number of tons of onal washed = 4*61 lb. of coal carried away to the ton of washed ooaL 
or 0*21 per cent The floe ©oal left in the catch pond, was of a very impure quality, and contained 
as much as 10*13 percent of ash. The block or largo coal from which this small was separat'd by 
careening contains 2*27 percent of ash, but in working the coal there becomes mixed with the 
small, from a variety of causes, a large quantity of rubbish, which raises the ash in the small coal 
to about 11 per cent The coal lost with the rubbish that is token out of the bottom of the machine 
at the valve* O, Fig. 846, is bat trifling. 

Bfvifeve’s machine is shown in Figs. 847 to 849 ; Fig. 847 is a longitudinal section, Fig. 848 e 
side devotion, and Fig. 849 a plan. It is an adaptation and improvement of several existing coal 
wash*]*. The body of the apparatus and the pUton may be constructed cither of wood or of sheet 
iron ; in the figures the apparatus is shown as it should be when made of wood, and the piston of 
sheet iron. 

The water is introduced below the screen or into the comportment of the piston, and the 
eupply regulated ; the coal enters the hopper C, and ti>e coal dust to be weslted between the grating I 
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sadihesiMeK. By introducing the ooal to be washed into C, with regularity tod In muOI quan- 
tities at a time, the gate K may be entirely raised, and the washing proceed the whole length of the 
screen j if. on the contrary, the coal ii supplied irregularly, or in large quantities at a time, the 

r te should be mote or less lowered, according to the physical condition of the ooal. The seating 
breaks up the agglomerations of small ooal ; it is oomb-shaped, and is formed of bars, which do 



not penetrate the ooals too much. The slide M, which is moved by means of racks in the same 
manner as K, increases or diminishes at will the thickness of the layer of coat submitted to washing 
on the screen \ this slide forms its movable overfall, and extends tho whole width of the tank In 
the compartment D, an endless screen d conveys the shale into the oompartment D'\ from whence it 
is carried away by an elevator O'. The shale passes into the oompartment D by the openings cf, 
which are opened or shut bv means of a slide working in grooves and moved from the outside by 
means of a handle <T, which forms the extremity of a guide rod, sliding in a stuffing-box. The 
grating N, in the tank B, serves to retain the floating refuse which would pass through the grating L, 
which corresponds with it, with the exception that the bars of the latter are wider apart. The 
partition O, which, with the exception of the sloping of the sides in the upper portion, extends 
over the whole width of the tank, facilitates in front the depositing of the small coal with the 
washed ooal, and prevents the elevator buckets ever beooming overcharged with washed ooal, which 
may at times be produced in exesss ; its lowest position must be determined by experience. This 
partition confines the agitation produced by the buckets ; the openings <r permitting the small coal 
to pass into the compartment, but not to pass out, because there is no side current of water, or 
tamer, because there is one which paroes from without into the compartment O, to replace the 
water carried away with the washed ooal by the bucket*. The partition e extends over the whole 
breadth of the washing stachiae : it is canted a little higher in ft and B' than in the compartment 
O, where it is limited and continued by the separate bottom of the elevator cage. Between # 
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mad the trough thereexe two oompertmenU, F and F*. F noeiret the omrsntof w»tc>r in it* upper 
p*rt an two aides; that which passes through R, Fig. 849, is reoeived by the opening P*, and 
■ through Bf f by an opening, which is above the bottom p, Fig. 847, and UtereSlyuudcr the 
bottom of the cage. F' is separated from F by the continuation of the partition which limits the 
compartment and bears a clack, which closes the pipe I. In the upper portion ibis co mpar tmen t 
is shot by a movable bottom, which serves to fix and examine the valve to which, if needful, a 
weight is added to facilitate its shutting ; and for the samo purpose the clack seating is fixed at 
a slight angle from the vertical. 

849 . 



When the piston B, Fig 847, is lifted, the suction produced opens tho clack valve, ami a current 
is established by the return water pij)© 1, from tho tank K, at the lower part of tho tank A, 
under tho piston B and the screen a. When the pistou descends tho pressure chinos the valve ; 
the repelled water traverses the screen, lifts the coal, class* s it, and carries with it tho uppor 
layer of washed coal into the tank E, wlioro it is dejmsitcd, and from whence it is lifted by tho 
chain buckets into the hopper G, under which the trucks are placed to lie filled; this hopt>er is shut 
in front by a door hung on hinges, which is so arranged as to bo ojamed at will, and cun Is* shut by 
pulling a long handle when there is no truck Iwlow to receive the coal, which is thus thrown into 
the hopper for a time, and stoppages avoided. The position of the truck which nveives tho 
shale at the side of the washing machine is shown in outline ill Fig 818. 

As the production of the machine may varv, according to the nature of the coal which is being 
washed, the number of piston strokes a minute, tho iiositioii of tho gates K and M.. and from 
other causes, pulleys of different diameters V, V" huvo boon provide d, in onh r to increase or dimmish 
the relative speed of tho chain buckets E\ and tho samo might be done tor the pulleys t*\ v". 
The pulley V, which is attached to a loose pulley, r<*c«iv<s tin* |>ower tor driving the washing 
machine, and the shaft which carries this pulley and the earn <! may at times be coiiv* ui- 
entlv made the driving shaft ; m which case the nolle y V would be useless, and the loose pulley 
would be by the side of the pulley V" or of the pulh y V'. When it is desired to stop the work of 
the piston, without stopping the movement of the cam, the bolt y is drawn when tho piston is at the 
bottom of its stroke, and the oock z is lowered. A sjshh! ot thirty to forty stiokcs u imnuto is a 


good medium speed for this machino. 

The gate B' is provided for fi< eing the chain for lifting the coal when it has becorao 
accidentally ontanghd; it serves also to < mpty the tank E when m^cessary, which, howevi r,is very 
seldom. The gate K may w rvc to empty the silt from the tank A, but most generally it is pri f» rrod 
to let the silt accumulate m the tank, and then to empty the water through a boh, made below tho 
piston iu the back of the washing machine, which is closed by a wood* n plug. The wab r having 
ruu out, the door U is opened, and the silt removed and hu»j>od aside, to k* jiohmsI during 
working behind the special grating L. The gate T starves to < mpty tho compartment F. Tho 
emptying gates are controlled by means of a rod with screw and flyer. At the end of the com- 
partment F' another small gate or opening is placed, which is shut by a plug, and through which 
the water may be emptied from the tank A by means of tho roturn water pipe. When tho 
washing machine is built on masonry, it is well to have a canal H round it. In order to clean 
the return pipe I, one of the head joints is opened ; the escaping water cleans it sufficiently, 
especially if the introduction of water into the washing machine is continued for a few minutes, 
and if the silt is stirred. It will answer tho purpose simply to take out tin, plug of tho 
compartment F\ In any case, in order that it may b© easy to open and close tho head joints, they 
are kept shut by eye-bolts and keys; but as this pipe dot* not gut choked, it seldom requires 
deeniug. 

This machine is stated to work with great economy, and to produce good results. 

In Marsault’s ooel w ash er the body of the machine consists of a large oak tank, 6 ft. long, 
10ft. wide, and 24ft. deep; open at the top and with sliding doors in the bottom, by means of 
which the slimes can be discharged without stopping the action of the machine. Above the tank 
an inverted hydraulic cylinder is fixed, to the piston rod of which is attached an mm cage, 10 ft. in 
farfjrht: the ends of this cage are left entirely open, the bottom being formed of an ordinary coal- 
waahimr sieve; on the closed sheet-iron sicks there are fixed, one above aether, a series of 
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tbs washing tank, Mima the slides of which and the cage these is a clearance space of leas then 
one quarter of an inch* 

The tank being filled with water, and the cage fixed up in the top of the teak by weens o C 
bolts at the sides, e charge of from 8 to 5 tons U let foil into the cage from a shoot placed over the 
machine, at a height above the top of the tank determined so ae to ensure the whole of the staff 
becoming at once thoroughly soaked by falling into the water in the tank. In order to equalise 
the distribution of the charge over the whole of its area, the loaded cage is first subjected to two or 
three jigs of considerable height, after which it is allowed to fall to the bottom of the tank by a 
regular succession of short drops, adjusted beforehand to sail the size of the staff treated, and this 
height is oapable of being varied as circumstances may require, from f in. to 8 in n by regulating 
the escape of the water from the hydraulic cylinder from which the cage is suspended. At each 
drop of the cage the water passes through the sieve, in the upward direction, at a speed due 
to the restricted area of passage and the relative weight of the immersed cage with Us load ; and 
the mass of staff in the cage is thereby lifted off the sieve, or rather the sieve drops away from 
beneath it, while the charge remains momentarily at rest; then all the separate particles of the 
charge fall severally through the still water with their own individual limiting velocities, modified 
only by their mutual interference as in all washers. With a charge of from 4 ft. to 4 ft. 8 in. in 
thickness in the cage, a total broken fall of 10 ft. to 13 ft. through the water is generally sufficient ; 
if, however, the tank should not be deep enough, or the sorting not perfect, the foil can be repeated, 
with the same charge, as many times as Way be necessary. On the cage reaching the bottom or 
the tank, a few seconds* pause is made to allow the largest of the minute light particles, which have 
not fallen so fast as the rest, to become deposited upon the charge. The cage is then drawn up 
out of the water, and fixed in position by the side bolts ; the three sliding frames successively 
pushed out at tho front by the action of a horizontal hydraulic cylinder placed behind them ; and 
by these means the washed coal, the stuff to be rewashed, and the shale, are each discharged into 
a separate hopper. On a level with the upper part of the washing tank is an overflow tank, equal 
in area, and its depth 2 ft. 6 in. ; the object of this tank is to diminish the variation in the water 
level in the washing tank, oonsequent upon the alternate filling and emptying of the oage ; a 
return pipe leads from the bottom of the overflow tank into the lower part of the washing tank, 
and this pipe is fitted with a floating oheck-valve, which opens downwards, so as to prevent the 
water from being driven upwards through it during the descent of the once. The same water 
is used over ana over again, the only loss which has to be compensated for being the small 
quantity whioh is carried off with the washed stuff; and the whole of the water is drawn off and 
renewed, when found neoesaary, during tho time that the apparatus is not at woik. 

From 120 to 150 tons of washed coal can, without difficulty, be turned out in a working day of 
ton hours, from a machine of the dimensions given, by one man ; tho power required to work the 
maohiue boiug about 1 horse-power. 

COAL MINING. 

The spooial characteristics which divide tho winning and working of coal from other modes of 
mining, arc caused by it having usually to be won from below strata whose mineral character often 
occasions great difficulty, and from the fact that ooal is nearly always met with in layers, and has 
to bo raised continuously in oonsiilerable quantities; whilst the common ooourronce of explosive 
and poisonous gases requires peculiar ventilating arrangements. 

Tho design and disposition of the surface works are arranged in accordance with the magnitude 
which it is intended the underground workings shall assume. In owning up a new oolliery, the 
laying out of tho pit bank and the erection of the surface buildings will be carried on simultaneously 
with the preliminary operations below ground, in order that the requirements of tho workings may 
bo met as soon as they are sufficiently developed to allow the output to bo commenced. 

The pit-head gear is eroctod in connection with the floors ana staging by which the pit mouth 
is reached, and which the coal, as it is landed, is run out, weighed, and tipped. This staging 
is at such a height from the general level of the ground that au ordinary railway truck can be run 
underne ith to reoeivo the ooal tipped from tho tubs in which it is brought to surface. It is not 
often, however, that tho ooal is tipped directly iuto the trucks or waggons ; usually it is shot out 
upon a system of screens, by means of whioh the various sizes are separated. In such a case, a 
waggon is placed under each screen, and these waggons are run out and assorted as they are filled. 
But Wore the tubs are tipped they have to be weighed. Tho operation of weighing is effected by 
running the tubs ou to a weighing machine, which for convenience may be placed between the pit 
mouth and the points from whioh the tubs are tipped over the screens. After being weighed, the 
tubs are run out to the tipping points, where they are made to pass on to the tipping or teeming 
cradles, Fig, 850, which are wrought-iron cages mounted on trunnions ; these hold the tabs while 
their contents are being tipped over upon the aereeos. It is assy to see that all of these arrange- 
ments admit of endless modifications. The pit-lieed gear usually stands out in the open air; the 
staging around the pit mouth is sometimes left exposed, and sometimes covered in by a light 
wooden roofing as a protection from the weather ; but as the sides are left open the protection is 
only partial. Upon the Continent, and especially in France and in Belgium, the whole of the head- 

S r and the staging is enclosed, so that the men may work in comfort during bad weather. 

. 851 is of a pit-hvad and accompanying staging, and is a common ar ra nge me n t in many English 
lories 

The engine house on the Continent is included under the same roof as the head-gear and the 
pit-mouth platform. the former of which is made to occupy a central tower or dome; bat in England 
It forms a separate building, the position of which must be selected with reference to oonvenknoe, 
having rcgatri to the operations to he carried on at the surfsoe. Besides the winding engine house, 
there will he required an e r e ct io n for the pumping engine, and several lesser buildings as work- 
shops end offices 

a easss where coal washing is practiced, machinery s i m i l a r to that described at p. 860 of this 




ft qgfa -* J® 1 ®*e nwMMuy ereotions, will lie required, tad whoa t colliery it to attatte that ita 
l*"" 0 ® ??J beconwyed stray by water carriage, the anrfaoe work* will tniiltulA a. tarVkaw/ ratarl (hs 
mewaa of diaeharging the cos! into the veneU lying alongside. 

Other •trnctarea that may hate to be provided are ooke ovens. Where the coal is of a quality 
“!* SUr®*®," 5"*?!, 1, tnstaUuwrfoal operations, a large proportion of it will be converted into 
for use in the bl a st furnaoe. But coking may be requited m any locality, for steam and other 



purposes, and it affords a means of utilizing the small coal made in working. Some varieties of 
ooal are of a very tender character, and it may become a commercial necessity to render it Huhablo 
by converting it into coke. In such a case, ovens will have to be erected, and these will require to 
be disposed in a convenient manner and m favourable positions relatively to tho pit mouth, and the 
points from which the produce is conveyed away. 

Besides the erections described, tho surface works include a system of tramways for conveying 
the produce from one point to another. In some casos, this system will ho an exb nsivo one, cwjh*- 
cially when coking is carried on largely. The surface tramways are laid with heavier rails than 
the underground ; but otherwise they are the same in character. They should 1h> laid out, or rather 
the points which they serve should be geloctod, so os to utilize ns much ns possible the force of 
gravity. Frequently, at largo collieries, small hauling engines aro oroctod at surface to work theso 
tramways. 

The shaft or pit of a coal mine constitutes the means of communication between tho underground 
workings and the surface. 

Shafts are classed and described according to the uses to which they arc* put. Tims we lmvo 
an engine shaft, up whioh tho water is pumped, nnd over which the pumping engino is sit unto; a 
winding or drawing shaft, np which the mineral is raised, and m connection with which the wind- 
ing engine is erected ; an air shaft, which is sunk to a seam for the purjiose of providing ventilation ; 
a downcast shaft, down which the fresh air passes to the underground workings; and art upcast 
shaft, up which toe fouled and heated air passes from the workings to the surfoce. These designa- 
tions frequently refer to only one of several uses of tho shaft, for winding may lie, and usually is, carried 
on through both the downcastand upcast shafts, and tho pumping may be perform* d through cither. 

It was formerly the practice, in small mines, to sink but one shaft to the seam, on account of tho 
cost, and this shaft haa then to serve for all pur{>oses, and was divided into several com|wrtmcnts, 
one for the pumps, and two others for the winding, whilo tho air was conveyed down one of th<**o 
and up another, or the two others. This arrangement was, however, dangerous ; and in tho United 
Kingdom it U now illegal to work a coal mine with less than two shafts. In all cases tho numlior of 
the shafts should be reduced to the lowest practicable limit, and their dimensions large enough to 
supply sufficient sir to the workings, and allow the itaasagc of the cage* ; and the winding should be 
earned on at a high speed. The actual number of shafts requisite can be determined only by the 
conditions of the ease. 

The form of the shaft varies considerably. Tho determining conditions arc the strength of the 
rock passed through and the material available for supporting tho sides. When the sinking Is 
through plastio clay or running sand, and whenever the rock is of a weak and unstable character, 
the circular form is the most suitable. Where wood is abundant, rectangular and polygonal shafts 
are commonly employed. Rectangular shafts are never made square, and their length varies frtsn 
about cnee and a naif to three times the breadth. 

Shafts also vary greatly is their dimensions, hut can hardly be too large. Circular shafts 
should never be leas than 9 ft in diameter, and they may be as much as 16 ft In some instances 
elliptical shafts have been sunk 16 it and 20 ft The upcast should possess a larger diameter than 
the downcast When the section is rectangular, the dimensions are very various, ranging from 
4 and 6 ft in breadth, by from 0 to 16 ft in length, to 10 ft. in breadth by 26 ft in length. 

The portion of the shaft is determined by many conditions, chief amongst which are the dip of 
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the strata, the degree of their inclination, the quantity of water likely to be met with, and the 
character of the seam as a source of explosive gas ; the proposed method of working the seam, and 
the genera] plan of the workings. 

The cireumstanoes existing at surface will modify the decision arrived at from the foregoing 
considerations, and not unfrequently alone determine the choice of the position; that is, the 
position chosen in acoardanousith the surface conditions may be unfavourable to the conditions 
prevailing underground. The coal will have to be conveyed to the nearest highway, canal, or 
railway ; and the situation of the coal-field relatively to these, the surface configuration of the 
locality, and the existence of natural and artificial obstacles, will influence the position of the 
shaft, between which and these means of communication a constant connection must be kept up. 
Generally, this will be made by tramway, and the foregoing circumstances will, therefore, have to 
be considered relatively to the requirements of such means of transport Sometimes no railway 
may exist, but it may be intended to construct a branch to the colliery from a line a few miles 
distant Advantage should always be taken of gravitation to run the loaded trucks away from the 
shaft in order to save expenditure. But to do this, a position must be chosen for the shaft 
sufficiently elevated above the railway or the canal, and to make this position accord with the 
other conditions. 

In somo localities, it may happen that quicksands or unstable drift will have to he passed 
through, and it then booomos a question ofl^areing through these beds in the most favourable part. 
Numerous instances might be citod in which altogether unfavourable positions have been selected 
for the shafts, solely for the purpose of escaping the difficulties that would otherwise be encountered 
in traversing such beds. 

It has boon already remarked that the minimum number of shafts to every colliery is two. 
Thoso must not be separated by loss than 10 ft of natural strata ; but beyond this limitation they 
may be placed at any distance apart, and in any position relatively to each other that best fulfils 
the foregoing conditions, and is suitable to the system according to which the workings are to be 
aid out Sometimes it is found convenient to separate the shafts by long distances ; but generally 
they are placed only a few yards apart. By bringing the shafts near together, the points of 
delivery, and the machinery required at those points, are concentrated at one place at surface. 

When the shaft has been completed and sunk to the ooai, to prooeed at once to the working of 
the minoral would be to endanger the safety of the shaft, and to create serious obstacles to the 
subsequent working of the seam and tho efficient ventilation of the working places. The extent to 
which the mine should be opened out will be determined by local, commercial, and other considera- 
tions. The more systematically and completely this opening up of the ground is performed, the 
more economically and safely may tho extraction of the coal bo effected. It is a false economy to 
curtail the time and expense requisite to tho opening out of a colliery, since the consequent 
difficulties, which can never bo removed subsequently, or oven modified in an important degree, 
more than compensate the first expenditure of monoy, or the inconsiderable gain of time. 

As the opening out of a mine is not immediately remunerative, it is described as doad work, or 
frequently, on account of tho narrow width of the working face, as comjuircd with the ordinary 
woncing places, os narrow work. The excavations which constitute the dead or narrow work consist 
of drifts, headings or roadways, called rolley-ways, way-gates, gate-roads, water-gates, and levels, 
driven out from the mass of coal left to support the sides of the shaft, and called on that account 
•haft pillars. These levels are tho principal roadways, airways, and waterways of tho mine; 
through thtm all the produce of the mine will have to he conveyed, and the whole of tiie air which 
is to ventilate the workings, as well as the water flowing therefrom, will have to pass. The mod© 
of laying out these purneor excavations will be in tho main the snino, whatever the system of working 
adopted may be. But modi flout ion may bo required to conform to the exigencies of the case, due 
to tne angle of dip, tho existence of faults, or any other of tho numerous circumstances that may 
accomjiany tho occurrence of a seam. In tho example which wo shall assume for purposes of 
illustration, the seam will he supposed to dip at a small angle, and to be free from disturbing 
circumstances, in order to form a typioal case, that shall involve a system in its entirety. 

A large mass of coal must be left unwrought around the shaft, as a support ; this mass will be 
cut through only by tho narrow excavations that constitute the roadways to the shaft. Thoso 
drifts divide the mass into dotached blocks, which are called the shaft pillars. The slightest move- 
ment in that portion of the beds through which the shaft passes must necessarily be destructive to 
the latter ; and henoo it is essential to provide sufiioient means for preventing such a movement 
from taking place. 

The dimensions of the shaft pillars are determined by the depth of the seam from surface ; the 
angle of inclination of the beds ; the strength of the coal ; and the nature of the thill or floor. 
According to Andrtf, in no case can safety be obtained with pillars lees than 85 yds. square ; these 
may, therefore, be considered as the minimum dimensions in the shallowest mines, when the other 
conditions are favourable, say up to a depth of 150 yds. Beyond this depth the dimensions may 
be increased by 5 yds. for every 25 yds. of increase ; that is. the pillars of a shaft 175 yds. deep 
will be 40 yds. square ; those of a shaft 200 yds. deep, 45 yds., ana so on. These dimensions are 
given as sufficient, on the assumption that the othor conditions are lhvourable. But it is evident 
that those conditions may be such as to require an augmentation of the dimensions, as determined 
according to the depth alone. Thus, if the strata are highly inclined, the tendency of the pillars 
to yield is greater than when the strata are fiat. The difficulty of preserving the shaft through 
steep measures is, in Belgium, often found to be a serious one. The strength dr the coal will also 
materially affect the resistance of the pillars to compression. The difference in the strength of 
coal is very considerable, and this difference must be taken into account in determining the 
dimensions of the pillars. But perhaps the meet important of these determining oondit km k the 
nature of the thill or floor of the coal seam. When this floor consists of soft underalay, the 
pressure of the pillar upon it tends to force H to rise iu the roadways between the piKsre. This 
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tendency of the floor to rise between the pillars, or creep, is often rery obeemble in tho workings, 
the displeoement of the floor in this way causes the pillars to sink, and the downward movement 



of the superincumbent beds is Moderated by the crashing effects which take place in the pillars, 
fay reason of the unequal attain thrown upon then. The only way of counteracting this tendency 
is fay increasing the dimensions of the pillars, so as to distribute the pre ss ure over a wider area, 

3 • 2 
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The naaotmf of In c rease demanded by each of these oouditicma cannot be stated fn • general 
maimer. It Is a question that will Save to be determined for each individual esse, in aooudaaee 
with the oiremnstanoes by which it is surrounded, and the degree in which the conditions are 4 
modified. The proper method of procedure, in dealing with this question, is to determine the 
dimensions required by the depth alone, Mod then to augment these, if neoessary, for each of the 
other conditions, in a proportion adequate to its requirements. The experience of the district will 
in this matter be of great avail. 

When the dimensions of the shaft toukr have been determined, the levels maybe set oat, the 
designing and driving of which <nhsMmt the work of opening out the mine. The direction of 
these levels is determined by that of Wf dip of the strata, and the relative positions of the down- 
cast and upcast shafts will ne dependm Upon the same conditions. As the levels are to be driven 
in the seam of coal, the horizontality dr tJffe floor, whence their designation of level is derived, can 
be obtained only by driving them ifl th| direction of the strike of the beds, which is at right angles 
to their dip. In this direction, thimtttib which is known among miners as the water-level 
direction, is that of the levels to be driVfh out from the shaft These so-called levels are, however, 
not perfectly horizontal, but their dstillm from the horizontal is made as little as the conditions 
will admit. A consideration of the conditions which determine the position and the direction of 
the levels will show that these must ftCttilf influence the ohoioe of the position of the shafts. The 
relation of the levels to the shafts and to the coal to be wrought, in position and in direction, will 
be understood by a reference to the plafl, ihown at p. 975 of this Dictionary. This plan represents 
typically a method of laying out the workings frequently followed in England. 

The direction of the dip of the seem is shown in the plan by the arrow upon the coal to be 
wrought. Tho downcast shaft is at P, end directly to the rise of the downcast is the upcast shaft 
When those shafts have been carried down to tho requisite depth, they aro connected by a drift 
driven through the ooaL This provides fbt the ventilation by enabling each shaft to serve the 
purpose for which it was ultimately intended,* for the current of air, iustead of passing down and 
up eaoh shaft on opposite sides of the temporary brattice in the shaft, will now descend through 
the downcast, and a scend through the upcast. It now remains to set off the levels perpendicularly 
to the direction of the dip of the seam. These are driven out from tho ahafte iu opposite directions, 
and as they will bo in all respects identical on euch side of the shafts, it will be sufficient to 
describe those on one side only. Before describing these levels, however, it should be observed 
that in extensive collieries a third level il usually added, mainly to ensure a more efficient 
ventilation ; and also that tho shafts may be situate farther apart than in the example. 

In driving the levels out from tho shaft* a walling is neoessary to sustain the sides and the roof 
of the level, timbering being insufficient generally. Whenover timbering is used to support tho 
roof in auoh situations, it will be well to wall the sides. But an arching of brick is far proforable ; 
and if tho floor is of a weak character, the Walling should rest upon an invert. 

The lower level is the drain, water-level or water-gate, one of its uses being to convey the 
water, which gravitates towards it from the workings situate above, to the pumping shaft. The 
upper lovel is the main road, rollcy-wsy, or way-gate, through which tho mineral will be conveyed to 
the shaft. These are the main outlets to the mine, and constitute the air-channels through which 
the workings will be ventilated. The facilities which these roads afford for the easy and rapid 
transport of tho coal from tho working faces to tho shaft, will very materially influence the 
quantity of tho output und tho coat of delivery at surface, or bank, as the surface around the mouth 
of the shaft is technically called. And the oonseouenoes of an oocident resulting in the blocking 
up of these roads are of a too soriotis character to leave any precaution unnecessary. 

When timbered, the aides of the section of a level are generally vertical, and the top or roof 
horizontal, the section in such a case being rectangular. The sides may, however, inoline towards 
each other, thus giving a greater width at the floor than at the roof. When walled, tho sides aro 
vertioal, and tho roof is erohed. 

The dimensions will be determined by the thickness of the seam through which the levels are 
driven, tho stiength of the roof, and the requirements of the means of transport. If the seam is of 
moderate thickness, say from G to 8 ft, the level will be driven between the roof and the floor ; that 
is, the whole of the seam will bo removed, and the height of the level will be equal to the thick- 
ness of the seam. When the thickness exoeeds 8 ft., the level is driven from the floor to a height 
of 7 ft., or 7 ft. 6 iu., and the remainder is left to form tho roof. When, on tho contrary, the seam 
is too thin to afford a convenient height for a horse- road, either a portion of the roof must be 
stripped down, or a portion of the floor removed to give the necessary height i and as such labour 
is altogether unproductive, the minimum height demanded by convenience will not be oxceeded. 
Under some conditions this may bo as little as 5 It The width of the excavation will be deter- 
mined aooording to the strength of the roof and the requirements of the means of transport. If 
the roof is of a very weak character, it may be neoessary, to ensure safety, to limit the width to 
5 ft If, on the contrary, the roof is very strong, this width may be increased to 10 ft. Thus the 
limits of height and width of a level may be stated as 5 ft. and 8 ft., and 5 ft and 10 ft respec- 
tively, The width necessary to convenience of transport will be determined by the extent of the 
workings, and the degree of activity to be developed in them. Iu most oases, the rolley-waya will 
have to be laid out to a width sufficient for a double line of tram rails, so that a train of empty tubs 
may be returning to the workings while a train of loaded tuba is running out towards the shaft 
In general, the best width is from 7 ft. to 8 ft, when the strength of the roof is sufficient For 
economical reasons, the sectional area of a level is frequently roduoed to its lowest practicable 
limits; but to assume that the cost of driving a level diminishes as its sectional area is an error. 
When the miner it compelled to work in a space insufficient to allow freedom in his movements, 
there is a loss of useful effect, which, by prolonging the labour, increases the cost of the work. 
Also the labour of driving a heading of small sectional area to relatively greater than that required 
by a heading of larger dimensions, since the amount of side cutting is proportionally g re at e r in 
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4to smaller section. Besides this, the coal extracted from the smaller free is more broken, and 
consequently less valuable, than that hewn from the larger froe. The only advantage offered by 
} the smaller section lies in the diminished labour of conveying away the dislodged mineral. 

The levels have a slight inclination towards tho shaft to allow the flow of the water towards 
the bottom of the shafts from which it is to bo raised, And to facilitate tho bringing out of tho 
trains of loaded tubs. By adapting the fall of the road to the load to be oonvcyod over it, a large 
saving of labour may be effected, an advantage particularly noticeable when horse power is 
employed as the means of traction. Experiments have shown that an incline of 1 in 130, or a little 
more than \ in. in the yard, gives the maximum of advantageous effect to horse newer, in drawing 
the loaded tubs down and the empty ones back, and therefore, where practicable, this inclination 
should be adopted. But in very tong levels, such as are driven when it is desired to gain the 
greatest possible area from one winning, this degree of inclination would bo too grout, as tito 
extreme end would be too elevated. In these cases the inclination given to tho level is usually 
1 in 200, or a little less than ^ in. to a yard. A level should preserve in every portion of its 
length a rectilineal character ; that is, it must be driven from one end to tho other m a perfectly 
straight line, and if the circumstances do not allow of this, it should bo driven on a ourve with a 
large radius. 

There are two systems of laying out tho workings of a colliery, differing in their gonoral 
features, but capable of such modification as to be greatly assimilated m certain circumstances. In 
one system, a set of parallel excavations is driven through tho coal at intervals, so as to leave a rib 
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usually about half that of the former, and thoir interval aj>art is much greater. The effoot of these 
two sets of excavations thus crossing each other perpendicularly is to leave in the seam rectangular 
blocks of coal, for the second set is driven through the ribs loft between the excavathms eonstituting 
the first set. Tho use of these pillars is to hold up tho roof; formerly they wme left, ami as tho 
coal composing them was permanently lost, it was sought to reduce their dimensions to the lowest 
possible limit Under favourable circumstances, however, fully one-third of tho seam was 
necessarily lost in these pillars, and very frequently the promotion was as great as two-thirds. In 
the present day, these pillars are subsequently removed amf the roof let down, so tliut generally the 
whole of the coal, with tho exception of a smsll of tho pillar which jh emalied by tho 

descending roof, is extracted. When tho workings are laid out with a view of finally removing tho 
pillars, the latter arc left of very largo dimensions, for tho purjH>so of affording a thoroughly 
efficient support to tho roof during llio ilr.t port of tho working, that i», < uriii* tho drlviiie of th» 
excavations. This system is known in Knglaud ns thut ot pillur and stall, or |«*t and stall, amt in 
Sco tland ns stoop and room. The stalls arc tho excavations which aro driven through the cold, tho 
flint set of which is known distinctively as boards, sometimes wulten holds; mid tho m-cornl an 
headways. 



precwl^ rniw be retuarkcsl hero that it is gradually wipplantluif tho po»lHttwl-stall sysUiin, 

wherever the conditions are not altogether unfavourable to Its ml option. Ibis system is known ns 
be long warrS.) merits of the two systems of working have Urn a subjoe of 
dispute* over since tho long wall was first introduced. Undoubtedly each losses*'* l»«smlittr 
advantages, and it will be our endeavour briefly to |*>int those out, and to show how nush is nflvctod 

by for coal, Whatever the circumstamv. may la- under which 

it in undertaken or the method by winch it is carried out, is to obtain the ^sihwt |><w.ihlo 
quantity of coal in tho best posnible condition, at the least possible cost. In iwtimatiug, , 

^mente ofTnv HysU m or mode of working, iU effect* must be considered relatively to tins object. 
The condition oncost must be understood to involve the question of aufety of life to those employed 
i^Drosoeutfrur the war llui gs!^ The produ<*o of a coal miu will bo obtained in the best possib « 
P,... & -I s 'ii ..wiruoiitfi and conveyed to bank iu blocks of considerable size, or is 

obtainecTas round coal If the two systems bo considered from this point of view, it will bo found 
STSJ wiU JrtWSt quantity of coal. When the wo, kings are mmod l on 

AMnnlin<r to^his svst t in, the whole of the seam may be extracted ; whereas, on the nost-aod-stal! 
according to this sysum, f/ , r or according to tl»e eircumstanoiw of tho oaso, is 


bwht - — ’ i , m 

t and stall, os the narrow workings of 

of the ooal is inherent m the nature oi ino sy respect. Thus tho long wall gives 

>r Jal in Uie^Uw? possible ^ditiJT^ In the latter system, again, 
quautityofeadi V crv materially reduced, tho ventilation is rendered far 

crar* 
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tbkfc Mums have been successfully worked by long wall, A difficulty in workfng thick aeanu by this 
method lies in obtaining the stone or rubbish needed to partially fill up the hollow creeled by the 
tmnoTAl of the coal for the purpose of letting the roof down easily, and without causing damage to the 
surface. In working the thick seams by me wall to France, first the upper half and afterwards 
the lower half of the seam are removed, and the space occupied by toe coal is partially filled up 
by stone quarried at surface, and lowered in the coal tnbs inkead of returning them empty. This 
method has beep adopted to some extent to the Staffordshire Ten-yard Seam. When a seam is 
divided by bands of refuse, or dirt partings, as they are called by miners, it may, considered only 
from this point of view, be more favourably worked by long wall than by post and stall, since, to 
the fanner system, toe refuse may be utilized as pack, while to the latter it must be stowed away 
aguinst the sides of the excavations, where it serves no useful purpose. A good roof is favour- 
•ble to long work, bat is not indispensable. With management, the system may be successfully 
earned out when the roof is very weak and jointed. The working face should be pushed rapidly 
forward so as to be always beneath a fresh or a green roof. If the roof contains ironstone, which 
oan be worked with the onal, whereby a large quantity of refuse is produced, the seam can be 
worked most advantageously by the system of long wall On the other hand, If the roof contains a 
large quantity of water, if the surface is covered with important buildings, or reservoirs of water, 
m traversed by rivers, streams, canals, or railways, in which cases it is essential not to let the roof 
down, the system of post and stall is best In some places, where the workings extend beneath 
the sea, no other could be adopted. Under such circumstances the pillars arc lost, and the work- 
ings kid out accordingly. In post-and- stall workings there is also less difficulty in keeping the 
roadways in a good state, and the system is generally favourable to a largo daily output. 

If too circumstances of the case have led to the determination to adopt the post-and-stall 

S stem, the next question that presents itself is, how to lay out tho workings in conformity with 
e existing conditions. We shall assume, as beforo, in order to have a typioal example, that the 
seam lies at a slight inclination, and that it is uuaffccted, to the portion of the fielo under con- 
sideration, by faults or derangements of any kind. 

In workings on tho post-and-stall system, it is sought to drive the bonis at right angles to the 
cleat ; hence the plan of tho workings is always so designed as to set off those excavations in that 
direction. The cords are the principal excavations, the headways being intended primarily for 
ventilation. As the bords are invariably set off perpendicularly to the cleat, that direction is 
callod bordways ; and as tho headways are perpendicular to the bords, the direction parallel to 
the cleat is termed on the ends. 6inoe the main levels are driven in a water-level direction, 
that is, along tho strike of the seam, they may cut the coal bordways, headways, or obliquely, the 
lath r direction being known as oross-cut ; and since the bords are to be driven at right angles to 
tho cleat, tho direction of the workings relatively to the main levels will depeud upon the angle at 
which these levels out tho cleat. 

Lot it be assumed, in the first place, that the direction of the main levels is headways, that is, 
that they have been driven on tho ends of tho coal. In such a case, the bords will be set away out 
of the upper level A barrier of coal, cut through at intervals to form pillars of large dimensions, 
is left on the rise side of the upper level, to protect these main ways of tue mine from tho effects of 
thrust and creep. The thickness of these pillars will be determined by the considerations which 
affect the shaft pillars, already treated of. The importance of these barriers is great, as any injury 
to the main levels deranges the ventilation, and seriously impedes the traffic. Again, suppose, on 
the contrary, that the direction of the main levels is bordways, that is, that they nuve been driven 
perpendicularly to tho cleat. In this case a pair of drifts is set off from tho upper level, at a con- 
venient distance from tho Blmft, say about 80 yds. These drifts, which are called winning head- 
ways, will lie similar iu dimensions and in distance apart to the main levels, to which they aro 
driven at right angles. From these winning headways the bords may be set off parallel to tho 
main levels. 

To determine the dimensions of the pillars, it is neoesaary to consider toe effects of what is 
known as thrust and creep. Both thrust and creep are occasioned by insufficient dimensions 
in tho Pillars, the difference between them being duo to the difference of strength in the rook 
composing the floor and the roof. When the floor and the roof consist of strong unyielding rook, 
and the pillar of coal left is too small to support the pressure thrown upon it, the pillar crocks, 
breaks up into prismatic portions, from which large slabs fall off, and fiually is crushed and ground 
into small coal and dust. The yielding of the pillar lets down the roof, the workings become in 
oansoquenoo choked up, and the surface is injuriously affected. This action of the downward 
pressure is known as throat Whon, on the contrary, the rock composing the floor, or both the floor 
and toe roof, is weak and soft and the pillar of coal too small, toe downward pressure upon the 
latter causes tho floor to rise in the excavations, while the roof, if also of a yielding nature, sinks at 
those unsupported points. Tho creep is insidious in its approach, and irresistible in its progress. 
It may have originated at some unusually woak point ; but having onoe set in, it spreads slowly, 
but surely, over toe whole distriot. No timbering can arrest nor even, when it has fully set in, 
materially retard its progress. The roadways have to be continually repaired, at great cost, and 
the airways become choked up, until fiually the labour of keeping these ways in order becomes too 
great to allow the workings to be carritd on at a profit, and the district or the colliery is abandoned. 
In this way, thousands of acres of valuable coal have been kat. 

To determine the minimum dimensions of the pillars requisite to withstand the thrust and the 
m*p. it would be n ece ssa r y to take into acoouut the strength of the rock in toe floor and the roof, 
the strength of toe coal itself, and the pressure of the superincumbent strata. These are problems 
susceptible of only an approximative solution and of empirical treatment Experience gained under 
similar conditions is alone worthy of confidence, and following this experience will lesdrfor the sake 
of mfety, to excessive dimensions. Thus the minimum dimensions have been left altogether out of 
consideration, and another principle of working adopted. Wherever it is important that no surface 
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main roftdt from throat or creep ooowaoned by the removal of the pillar* beyond. In ail other cases 
the pillar* are regarded, not as supports to the roof, but aa masses of cool prepared fbr aubeoquent 
removal. Hence enormous dimensions are given to the pillars, and by this moans the evils ofthruat 
and creep are entirely avoided. As there is nothing but convenience to limit the also of the pillar* 
when viewed aa masses to be wholly worked away, in deep pits it is customary to take out by the 
preliminary workings, that is, by the driving of the bords and headways, only from one-fifth to one- 
fourth of the coal, leaving pillars 80 yds. long by 18 or 24 yds. broad, and even 40 yds. long by 
80 yds. broad. It may be remarked here that long pillars are to be preferred, that is, a pillar 
80 x 16, or 80 x 18 yds., is preferable to oue 30 x 24 yds. The bonis, as before remarked, arc 
usually driven as wide os they will stand, that is, usually from 3 to 5 yds., and the headways, or 
holmes, as tho lesser excavations demaudod by tlio requirements of ventilation are commonly 
called, are about half that width. 


It was formerly the custom to open out in bonis and headways a whole district, and when the 
boundary had been reached by the workings of this first stage, to work off the pillars, to ginning at 
the extreme limit, and returning to tho point at which tho bord workings wore commenced, leaving 
the roof to fall behind the workmen. Sometime* this plan of working was eurrtod out over very 
largo areas, and in such oases, when the first woi kings lmd reached the boundary, an extensive 
tract of broken mine, that is, tho portion supported by pillars, was formed. To this mode of pro- 
ceeding there are several serious objections. By leaving the pillars until the tomndury has lieon 
reached, an immense number of airways and roadways have to bo kept up, and this nuinto'r is (di- 
stantly increasing until tho limits of the area to bo worked out have been arrived at. This circum- 
stance renders the ventilation difficult, and thereby augments in a very considerable degree tho 
liability to accidents. Moreover, the length of time during which the broken nuno is h ft, immensely 
increases the danger of thrust and creep setting in, by which the whole or< a may in a short time Ut 
overrun. Also, by this method, the pillars first formed ore last remould, and hence it happen* that a 
large number of them crack and crumble away under the combined action of atmospheric agencies 
ana great pressure. Kven if they resist this action well, the quality of tho coal is greatly 
deteriorated by the long exjxwure. 

For the foregoing reasons, it is now generally the practice to carry on tho two woi kings simul- 
taneously, by making the working off of tho pillars to follow closely the o|X'iiing up of the bonis into 
the whole coat By this means, the length and tho mean duration of tho wa>s are reduced, ami the 
coal is obtained from the pillars in u good condition. Tho spaeo loft by the broken workings is 
calk'd the goaf, and into it the roof falls, (leaves nml careful watching, oh they offer favourable 
Conditions for the accumulation of gas, which may bo forced out by falls of rook. 

The area contained within tho boundary to bo worked is divided into several independent com- 
partments or districts. This improved method of laying out the workings is duo to Buddie, who 
was also the first to introduce tho plan of working off tho pillars behind the whole winkings. Koch 
district is separated from the others by stroug barriers of coal, and ventilated by its own current of 
air, so as practically to constitute separate mines. The advantages of this arrangement an' great 
and numerous. Hupposo, for example, that we have au anil divided into four districts ; the air 
entering by the downcast shaft will, on reaching the bottom, be separated into four currents, (neb 
of which will bo made to pass through one of the districts, ami then In* conveyed to the upemd shaft. 
By this means, tlio miners at the most distant fact* of work get the air pine and cool, wlie h would 
not l>o the case if it had to pass through the whole aria comprising the four districts. Another 
advantage of the system lies iu the isolation of the effects of an explosion. As one district is 
entirely independent of the others, being enclosed bv barriers and ventilated h\ its own cum lit, the 
effects of uu explosion cannot extend beyoud tin* hunts of the district m which it occurs. The 
importance of this fact will !>e more fully understood when the subject of ventilation has Imjoii 
treated of. Moreover, by the concentration of tho working places in the district, or Israel syaU m, 
tho ventilation is greatly simplified and rendered much more efficient, whercb) the risk of explosion 


is very greatly reduced. t . 

In the system of working by long wall, the whole of the coal is, as Isffore observed, * xlrootod at 
one operation, the roof being allowed to come down as the extraction pmo-ed*. 'J ins is tin* prin- 
ciple of long work, and whatever foim the »)Kt<m nuiy assume, it is strictly followed throughout. 
The mode of carrying out the system may U* made to vary widely, in accordance with the different 
conditions existing iu different localities. Long woik is susceptible of far greater mrsliflcation of 
Retail than post and stall. This feature constitutes one of its great Ha nts, and by enabling tiiu 
system to adapt itself to the varied requirements of different localities, it 1ms coutiibuUxl largely to 

iu wide and rapid extension. . . . . .. t . 

In long workings, as in post-and-stall workings, it w generally sought to advance across tlio cleat 
of the cna£ but there are* sometimes circumstance*, notably Hint of inclination of seam, which render 
it desirable to advance tho faces of work iu some other direction. .. . . 

Let it bo that the maiu levels hove been driven headways in the coal, that is, on tin# 

ends. A barrier of eoal will be toft on the rise side of the levels to protect them from thrust, as in 
the case of nost-aad stall workings, thougli this precaution is not alwajs observed ; and ls*yond this 
the workingTwillbe carried forward as a straight face, a curved face, or in several i lengths of face* 
aoooidinM to the conditions of the case, the most important of which conditions is the nature of the 
root If the face is laid out in lengths these lengths are called stalls, and they are kept in advwies 
of each other, to avoid straining the roof along ths same line throughout a long distsaop. It will bo 
observed that according to this system and method of working, roadways must be made and mam- 
tained through the goof, or, as the exhausted portion is more frequently calk 4 in long work, the 
gob, for t^e purpose of rendering the (sees accessible, and affording a means of oouvoylng tho pro- 
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<hxee to the mainyevels, and thence to tee shaft. These roads are called gob roads, tad must be 
well ootudrac&ed tod maintained, as they serve, not only m roads along which all the produce of 
the seam has to be conveyed, but also as airways through which the working places are ventilated. 

The number of gob roads required will depend very much upon the manner in which the wall 
due is laid out, and a road is required for each stall when the (ace is broken up. To save labour in 
dragging or putting the coal from the several points along the (ace to the road, the latter is 
brought opposite the middle of the working stalls, and for the same reason the stall is limited in 
breadth usually to about 50 yds,, so that the extreme distance over which the coal has to be 
dragged may not exceed 25 ft. To construct these gob roads through the waste or gob, the stone 
which is extracted with the coal is built up in walls several feet in thickness, to form the sides 
of the roads. These pack walls must be built up to a height somewhat greater than that 
ultimately required, to allow for subsidence when the weight of the roof is brought upon them. 
When the seam is a very thin one, either the roof or the floor, usually the former, must be out 
away to give the requisite height to the roads. The material thus obtained will be used for the 
pack walls in preference to that derived from dirt bands and other partiugs in the seam, which is 
generally of a less resistant character. Xu some instances, a thin rib of coal has been left to form 
the road wall on each side, but the expedient has not proved sufficiently suooessful to warrant its 
adoption. 

The maintenance of the roads frequently offers considerable difficulties and entails great 
expense. When the weight of the superjacent beds of rook is brought to bear upon the pack walls, 
the floor, if weak, is apt to rise, the action of the pressure producing the creep which has already 
been described. In such a cose, the roads have to be repaired at night, by men set apart for tliat 
purpose. Sometimes the walls sink beneath the weight of the overlying rock, and the height is 
reduced by tho descent of the roof. This circumstance readers it necessary to frequently out away 
the roof, so that, after a time, the road may be wholly in the roof rook. 

lu order to avoid tho difficulties and expense of maintaining the gob roads, which are con- 
tinually increasing in length as the workings advance, there is another method, that of working home, 
differing from that which we have been considering, and wbioh is described as working out. In 
this method the roads are kept in the solid coal, so that they are not exposed to the destructive 
action of a falling roof, aB tho gob roads arc. Moreover, instead of continually increasing in length 
as the working proceeds, they, on the contrary, are oontinu&lly decreasing as the wall faoo 
advances. This is an advantage which the method of working home was designed to gain. 

In laying out workings according to this method, tho reads are first driven out through tho 
Bolid coal to the boundary, and the wall faoo is then laid out iu tho manner described for working 
out. The coal is then worked back towards the shaft, leaving nothing but waste or gob behind. 
The exhausted portion is in this cose ontirely abandoned when the cool has been extracted, and 
the roads, being in solid coal, require but little attention. When tho workings are to be laid out 
aooordmg to this method, tho preliminary operations will oocupy a longer time than when it is 
in tendon to work out, anil this difficulty often constitutes an insuperable obstacle to the adoption 
of the method, especially where the proprietary is not well provided with capital. 

In the foregoing examples, it was assumed that tho main levols coincided m direction with tho 
cleat of the ooal, and that it was desirable to give the same direction to the wall face, that is, to 
advanoo across the cleat The workings were therefore at onoe laid off from the main levels. But 
if it be desired to advance in the same direction when the levols are headways or across the cleat, 
tho wall face will havo to bo set off at right angles to the levels. In this case, a pair of winning 
headways may bo driven out from the main levols in the direction of tho fooe, in the maimer 
described under the head of post-and-atall workings, and from those the workings may be laid out. 
The inclination of tho scam will often render this mode of proceeding desirable or even neoossary. 
In some districts, instead of driving these principal gate reads through tho ooal, and leaving 
barriers to protoot them, the whole oi the ooal is extracted, and the roads packed with gob or refuse. 
This method is sometimes applied even to the main levels of the mine, leaving only the shaft 
pillars as solid or whole ground. 

In long-wall, as in post-and-stall workings, the system of division into districts is followed. 
Tho advantages to be derived from dividing the area into soveral distinct and independent portions 
will be, in the main, identical in both cases. Those districts will occupy tho same relative positions 
as in the post-and-stall workings, and they will be served from tho shafts in the same manner. 


brought forwaid, and these have been illustrated by typical cases. It has' been already pointed* 
out teat tease features are subject to mat modifications, in compliance with the requirements of 
varying circumstances. Such modifications, however, and the conditions which determine them, 
have been left out of consideration here, iu order to avoid confusion. 

To explain the various operations involved iu sinking a shaft, a pair of circular shafts may be 
assumed, one to serve as a downcast, the other as an upcast As the operations in each will be 
similar, it will be sufficient to consider these in tlie downcast The advantages of sinking both 
shafts simultaneously are that the seam is reached through the two shafts at the suae time, and 
the immediate opening out of the underground workings facilitated, the water encountered is moae 
easily dealt with, and one provision of tods, machines, and surface erections is sufficient 

The preparatory work consists in providing the tools and other mechanical appliances, tee 
materials of various kinds, and tee bondings teat will be required in tee pr ogra m of tee sinking; 
The tools ohisfly required will he picks and sinking shovels suitable for working in rock, tee stone- 
blasting gear, and wedges for dislodging Jointed or fractured rook, with rook-boring machines 
when these are to be employed— toeetber with the aireeomp r e— on , and appliances to be used with 
Besides these tools for dislodging the rock, there will be required oorae or kibbles for 
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imifllng it to smrfeoe. It was formerly the custom to construct these linking corves of wicker-work, 
well-season. ©d hazel being t»ed for this purpose. The capacity of one sneh corf was about 
SO gallons. Corvee hare been almost entirely superseded by kibbles, constructed of wooden stares 
bound together by iron hoops like a small cask, and provided with a handle or with three ears to 
which chains may be attached, to form a kind of bucket When of Bmall dimensions for well 
sinking, it is called a sinker’s bucket This form of kibble, much used ou the Continent, is made 
larger in the middle to cause them to sheer off from each other should tho asoendmg and descend- 
ing kibbles come into contact For the same purpose, the odges of the hoops are chamfered off. As 
the canting of the loaded kibble pours tho contents down upon the sinkers, it is a danger to be 
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avoided In England, the sinking kibble is commonly constructed of iron, and its form is similar 
to that adopted for tho wooden ljur rid -shaped bucket. The kibble is attached to tho ropo by a 
spring hook, and is raised at first by means of a common windlass with two handles, liesulos 
these tools, a supply of curbing and planking should be provided tor tho support of the sides of tho 
shaft. 

The surface erections required, besides those of a permanent character, are, a carpenter’s shod, 
a smithy, an office for the rnasUr sinkir and others m cirnrgo of tho work , a sinkers' lodge, for 
drying the sinkers clothes and other purj>o*e«, a shed to store the materials requited; and a 
magazine to rontam the explosive substance to be employed. As neurly the whole of these build- 
ings will be required to remain as parts of the surfoot works, theu* situation relatively to tho shaft 
and to each other should be chosen rather with a view to subsoqut nt convenience than to imme- 
diate exigencies. When all of those buildings which will la* requmd during the progress of tho 
sinking have been erected, the engine houses may be commenced, and th< lr construction earned ou 
during the sinking of tho shafts. Generally tho winding engines will be situate Ik tween the two 
shafts, so as to draw from both. 

The operations of sinking will begun by determining the point to bo the centre of the shaft, 
and striking from this centre a circle having a diameU r 2 ft. greater than that which the shaft is 
to have when finished. When this has been done, the excavation of the soil will bo commenced 
with the pick and the shoved. 

The firm rook to be met with after tho clay has been passe d through is termed the stone head. 
As the excavation during this portion of the sinking is through soft rock, the pick and the shovel 
will be the only tools required. The stuff will be raised to surface in kibbles by means of tho 
ordinary jack-roll, and tipped, or, m miners’ language, termed around the month of the shaft. 
Attention must be given at the commencement of the excavation, and continued throughout the 
whole of the sinking, to the preservation of the vertical ity of the shaft. This must ho preserved 
throughout the subsequent operations of timbering, walling, and tubbing, care being taken to place 
throe supports everywhere in exact accordance with the centre of the shaft. To ensure this 
vertieality to the excavation, frequent and careful use must be made of the plumb-line. In rect- 
angular and polygonal shafts, a plumb-line should be suspended in each angle; and m circular 
and ctliptieaf shafts, at the four extremities of the two diameters crossing cm h other at right 
an gles, tn the former, and at the extremities of the major and minor axes in tho latter. If the 
section is large, lines may be required at other points. These suspended Unis will be lowered ss 
the sinking p rogr es s es , and from time to time other lines will be dropped, in the same positions, 
from the eurftee to near the bottom of the excavation. All irregularities rendered apparent by this 
plumbing must be carcfttily removed. 
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During the sinking to tbe stone head, the sides of the shaft oannoi he left without support 
There is a tendency in soft rock to swell and to dose up tbe excavation. When this swelling has 
once begun, its progress is rapid, the motion produced in the rock being an aooeler&ted one. Henoe 
it becomes necessary to prevent the swelling action fro m setting in, by placing a sufficient support 
to the sides of the excavation as the sinking progresses. This support consists, for circular 
•hafts, of rings formed of segments of wood, called curbs or cribs, placed at intervals in the 
shaft, and backed with deal planking. The curbs should be of oak or elm, and their dimensions 
should be proportioned to their diameter, and to the degree of pressure likely to be brought upon 
them. 

These dimensions will vary from 4 to 6 in. square. Care should be given to their construction 
in order to bring the ends of the segments to bear evenly npon each other, and to make the joints 
radiate truly from the centre. The best mode of forming the joint is that in which the ends of 
two contiguous segments are made to bear against each other in one vertical plane. When jointed 
in this way, the segments are prepared at surface with tbe curved wooden fish -pieces or cleats, and 
sent down tbe shaft ready to be put together. The backing deals nsed with the curbs should be 
about 1 in. in thickness, and about 6 ft. long ; a greater length, buy by 9 ft., may be adopted. The 
first length of hacking deals set should, in every case, be 9 ft. There should be &lwa>s ready at 
hand a sufficient number of curbs, and an ample supply of the planking required to be used with 
them. 


In the case of a shaft of 13 ft. diameter, the curb may be 5 in. square in section, and when put 
together it should have an inside diarmter of 13 ft. 9 in. When the excavation has reached a 
depth of 6 ft., the first curb is sent down in segments, and put together and placed in position at 
the bottom. The 9-ft. booking denis are then placed vertically behind tbe curb* their ends passing 
down to about the middle of the thickness of tiio latter. If the ground to be supported is very 
weak, the backing deals must be plaoed close together ; in fairly strong rock, they may be set at 
small intervals upoit. The distance to l>e allowed between the curbs will be determined by the 
pressure from the sides of the excavation. If that pressure is very great, the interval should not 
exceed 2 ft., or in some cases oven less than that distance. Instances are on record in which 6 in. 
could not lie exceeded. A common distance, however, is 3 ft. A second curb having been sent 
down, and put together upon the first, is raised to a height of 3 ft. above the latter, the height 
being m< asured from centre to centro, and the curb supported by a few upright props called punch 
props. A third curb is then put together upon this second one, and, having been raised 3 ft. above 
it, is supported by props in the same manner as the sooond. A fourth curb is put in at the top of the 
backing deals, and supported in the same way as the othors. This last curb will be situate at tho 
height ot 8 ft. at>ove the surface of the ground. Tho object of this elevation is to obtain a height 
lor tipping tho stuff diawn from the shaft The curbs inserted in tins manner are next strung, or 
hung together voitically by moans of thin deal planks, or stringing deals. These stringing deals 
are nailed against the insido of tho curb, so as to suspend the latter one from another, and the 
whole may bo suspended from balks of timber at surface by means of the striugiug deals. 

When the outhing of tho excavation has been completed, the sinking may be resumed, and 
continued another 0 ft. This part of the excavation is not, however, extended to the full diameter; 
but the sides ore kept in a lino with the insido of tho curbs. This is necessary in order to leave a 
support for the latter. When the depth of the second 6 ft. lias been reached, tho excavation is 
shorn out to the full diameter, and a level l*od provided for the reception of tho next curb. This is 
sent down in segments, ns before, put together, and placed m position at the bottom. The sides 
arc then shorn out up to the first curb laid, that is, the lowest curb of tho first set, and the fi-ft, 
backing deals put in bt hind this curb and the one just laid. Another curb is sent down, put 
togethor upon the bottom one, and raised upon props to a height of 3 ft, that is, midway between 
the curb last put in, and the lowest of the flist set. Upon this curb, props arc set to support the 
one Immediately abm o it, ami tho stringing dials arc nailed on to hung them oil together. The 
whole length of ourbtug should be slung by means of the stringing deals to balks of timber at 
surface. This is necessary to prevent the curbing from slipping down when the support is removed 
by shearing out the sides from undor them. The deals may be suspended from the timbers form- 
ing the temporary staging required around tho mouth of the shaft for convenience in drawing and 
tipping the rubbish. When the second 6 ft. of excavation has been cut bed, the sinking will be 
again resumed, and ountinued through the third G ft , which length will be onrbed in the same 
manner as the preotxling. These operations will be repeated until the stone head is reached. 

When the stone head bos been reached, another set of operations has to be performed. The 
support afforded bv tho curbing is intended to be ouly of a tempotary character. The continued 
pressure of the sides of the shaft against this support would, in a short time, came it to yield, and 
when the sides have begun to run, tho destruction of the shaft is almost inevitable. Henoe it 
becomes necessary to replace the timbering by masonry, and tho substitution should be made as 
soon as possible. In general, the walling cannot be built until a firm rook foundation has been 
reached. It is desirable to push on the sinking to this point with all possible speed, in order to 
escape the danger of tbe timbering giving way. 

On reaching the stone head the excavation is reduced in diameter, and the sinking is continued 
until the rook has become sound and strong. When this point has been attained, the sides are 
shorn back to a greater diameter; in the esse assumed, say to a diameter of 15 ft. 9 in. It is now 
required to prepare the foundation for another curb of larger dimensions, upon which the welling 
is to rest, and called on that account the welling curb, or sometimes, from the method of fi xing it, 
the wedging curb. This curb may be either of metal or of wood. Bound and well-seasoned oak Is 
commonly employed. When iron is used, the curb is open on the inner side. The oak wedging 
curb wilt be 13 in. on the bed, as the walling is to oe of brick, and 6 in. in depth; Ha inner 
diameter wilt of course, be that of tho shaft, namely, 18 ft The rook bed npon which this curb is 
to rest must bo caiefally levelled, so as to give it on even bearing at all points. Bon$ 4-in. fir 
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sheathing Is t han laid upon this bod, and the curb kid upon the sheathing. Before proceeding to 
fix the curb, it most be ascertained that its centre coincides exactly with that of the excavation. 
When the curb has been placed accurately in position, a backing of fir, about 2 in. thick, is put in 
vertically between the outside of the curb and the aides of the shaft, and firmly wedged. The 
wedging must be performed simultaneously at opposite joints in the curb, and it must be continued 
until no more wedges can be driven in. The greatest caro must be exercised during these operations 
to avoid displacing the centre of the curb. When iron curbs are used, a piece of oak sheathing is 
placed between the joints; the thickness of this sheathing should diminish from the outside of tho 
curb inwards. As the pressure thrown upon tho curb by the wedges tends to lift the former from 
its bed, this tendency must be counteracted by props set upon the joints of tho curb, and abutting 
against the rook above. 

When the walling curb has been securely fixed, the walling of the shaft may be proceeded with. 
In most cases, the walling will consist of bricks, which is the cheapest material available, and 
sufficient for the purpose under all conditions. Frequently these bricks may be mode on the spot 
from tho day neooss&nly excavated for the surface works. It is essential that the bricks used in the 
walling be moulded to the form required by the shape and diameter of tho shalt. The mortar 
should be of the best quality and slightly hydraulic in diaractor. In walling through wet strata, 
quick-setting cement will be required. 

Sometimes stone masonry is adopted for the walling of a shaft. Stone of a schistose structure is 
rapidly disintegrated by the action of atmospheric agencies, and is unsuitable for walling purposes. 
Sandstone and limestone may be employed ; but the former is somewhat difficult to work, ami the 
latter is usually costly to obtain. In stone willing, tho blocks should bo of moderate dimensions, 
and, as nearly as practicable, uniform in size. Very small blocks involve tho use of u largo quantity 
of mortar, and very large blocks are difficult to wmk and to handle; while tho mingling of largo 
and Bmall blocks oocnsious an unequal distribution of tho pressure. Each of the blocks should bo 
tooled upon five of its fact‘8, that which is in contact with tne rock being alone loft in a rough state. 
The two side faces should be prepared with sjiceial cart', to ensure a close joint, everywhere coin- 
ciding in direction with the radius of the shaft. 

Bricks constitute a moro suitable mid a eheafier material for Bhnft walling than ntono. Tho 
clay of which they are made should l>e rich in alumina, and entirely free from lumps of calcareous 
matter. If the clay is not sufficiently rich iu alumina, the bricks will bo jamms and crumbly ; on 
the othor hand, if too rich, they nro apt to run during tho process of manufacture, and are too smooth 
to hold well to the mortar. Firec lay is an excellent material for walling bricks, and in some 
localities it may be procured nearly as cheaply as ordinary clay. MoinctimeH this material is employed 
moulded into blocks to the required form. Tho dimensions of such blocks commonly are 2i iu. by 
fi in. by 6 in. 

The thickness of the walling will be. in some degree, determined by the pressure likely to 1 m> 
thrown upon it. Thus, in passing through compact rock, a single brick may be sufficient, tho object 
of the walling iu such a case being rather to protect the rock from atmospheric influences, and to 
prevent the fall of d< tached iiortioua, than to resist a pressure from the side s. Iu loose roek of a 
fairly strong character, a thickness of 111 in. will suffice ; and iu very unstable roeK, or when* there 
is a very gieut pleasure of water, IK in. or more may be necessary. In tin* assumed example, the 
wedging curb is designed for a walling of 111 in. 

When the wedging curb has bo< u securely fixed, the walling is commenced upon it, as a founda- 
tion. Until a shaft is walled, it is ©xjioaod to the danger of dosing in, and thotefoie no oxer thru 
should be spared to complete the walling iu the shortest possible time. Thu walling will have to 
be performed from a staging or scaffolding, capable of Ireing raised as tho work progresses. The 
staging or cradle adopted for this purjrowe is circular m form, tmd is a simple wooden construction, 
consisting of 2-in. planking nailed ujron timlsrs. Through these timUr* stout bolts, with u ring 
attached, are i>oa>ed, and si cured on tho under-side by means of a nut. From these rings the crodle 
is susp< tided, by meaus of chaius attached to two rojms, from two wructu s at surface, one on each 
side of the shuft. Later, when the surface arrangements are more complete, tho cradle will Ik> 
suspended by one rope. This rope must jhjssi'ss a wide margin of strength, and must undergo 
frequent and careful inspection. It should tar 10 in. iu riroumfen nee. The diameter of the cranio 
should be such as to leave a stracc of about 4 iu. between it and the shaft. This space is necessary 
to ensure the ventilation of tne shaft below tin* staging. When a seam of coal is near the bottom 
of the shaft, or has been entered or passed through, this pri'cauUou is essentia). Hoinefimes, Insides 
the space around the staging, a hole is provided iu the centre of the latter hr allow tin* gas to pass 
up; through this hole the tub dips into the sump. In spite of the precautions, the accumulation 
of gas beneath the staging is one of the most fruitful source* of explosion of fir* damp. 

As the walling proceeds, the timlxTiug immediately above it will have to he removed, and rare 
mast be token during the removal of this portion not to materially weaken that which ih loft. If 
the pressure against the timbering is great, a small portion only of the latter can Ire taken out at 
a time, and the remainder must be securely stayed. Tire curb immediately below which tho timber- 
ing has been taken oat must be supported by vertical punch props set upon the walling beneath, 
and when tlie pressure is great, by props placed horizontally or raking props In an inclined posiiinu 
against the side* of the shaft. Under some difficult circumstance*, it may be tH«;< usury to build 
portions of the timbering into the walling ; but this should be avoided wherever possible, aa tho 
rotting of the wood endangers the masonry. 

The hollow between the walling and the rock must be filled with day, carefully rammed to form 
• solid backing, or better, with concrete. This is necessary to distribute the pressure equally over 
the masonry, and it cannot be neglected without risking safely. It is also essential to provide for 
getting rid of the water which oozes out from the aides of the shaft, by an outh t tmneath tire lowest 
mmim of the welling. Either an iron pipe is built into the bottom course, or a horizontal hole is 
with an anger in the wedging curb itself, which hole is made to communicate with the space 
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bit«MQ the wailing and the reek, through another vertical hole hared near the outside of the curb 
and left uncovered by the masonry. The outlet thus provided for the water is kept In communica- 
tion with the space above the hacking by means of a triangular channel formed by two pieces of 
board, or by a vertical pipe of small diameter, and pierced with holes, which is lengthened as the 
walling rises. In putting in the backing, care should be taken to make the tipper surface incline 
towards this outlet for the water. When the walling is completed and the sinking recommenced, 
the outlet may be plugged ; or if the quantity of water is considerable, flexible tubing may be 
affixed to it, to conduct the water down to the sump, and so prevent it from dripping upon the 
sinkers. 

A similar arrangement is adopted for collecting and conveying away the water that soaks 
through the walling. This water, which trickles down the sides of the shaft, is stopped and collected 
at one of the wedging curbs in the following manner. The first three or four courses of brickwork 
upon tlie curbs which are to serve this puroose are inset for the purpose of leaving a portion of the 
upper surface of the curb exposed. In this portion of the curb, a groove is cut, so as to form a 
channel round the shaft The water which runs down the fUce of the walling collects in this 
channel, and is discharged through a hole, bored obliquely in the curb, into a small pipe through 
which it Is conveyed either to the sump or to a tank from which the pump takes its water. Some- 
times, instead of using the wedging euro for this purpose, a wooden curb or smaller sectional dimen- 
sions is built into the walling. 

The shaft walling is continued up from 5 to 15 ft. above the surface of the ground. The object 
of elevating the mouth of the shaft is to obtain a good lead for the removal and the discharge of the 
stuff first raised from the excavation. The manner of terminating the walling and of fitting up the 
mouth of the shaft varies in different localities, according to the method of receiving the loaded 
kibbles. In the north of England, a kind of coverigu or Btagiug oi wood is fixed to partially cover 
the shaft. To prevent the ascending kibbles from striking against the under side of tins staging, 
deals am nailed diagonally against the edge of the staging and a bunton fixed against the sides of 
the shaft. These deals are called striking or sliding deals. When the loaded kibble is raised to a 
height a little above the staging, a tram is run out to the edge upon rails laid down for that purpose 
and the kibble is lowered upon it. The loaded kibble is then detached from the spring hook, and 
an empty one substituted for it. To facilitate these operations, tho rails should be laid with a 
slight inclination from the mouth of the shaft, and this inclination is also needed to prevent the 
tram sti iking heavily against the sill or edge of the shaft. 

In aome other coal nistriots, the manner of receiving the loaded kibbles and the laying out of 
the shaft mouth are different. This difference will be best understood from a description of tho 
surfaoo arrangements of a shaft in South Staffordshire. The walling of this shaft was carried up 
to a height of about 15 ft. above the surfuce of tho ground, and thick bnck walls erected to enclose 
tho shaft. An inner wall, contiguous to the shaft, forms with the outer walls a rectangular brick 
foundation for the head-gear. The walls enclosing the shafts carry balks of timber to form a 
staging on a lovcl with the top of tho pit walling. Upon this staging are laid light tram rails, on 
which runs a wooden trum or movable platform. Tins platform is of sufficiently large dimensions 
to completely cover the mouth of tho shaft, when it is run over tho latter, and a rail is laid on each 
side of the shaft to allow the tram to run over. A fence is fixed to one end of the tram platform, 
and supported upon two small wheels running upon mils on the opposite side. During the draw- 
ing, the feuoe stands over tho mouth of the shaft, and when the load has been raised a little above 
the level of the platform, tlio latter is run forward completely over the mouth of the shaft. The 
load is then lowered and deposited upon tho platform. When the loaded kibble has been removed 
from the spring hook, and an empty one attached, the latter is raised, and the platform is then run 
back with tho loaded kibble. At the samo time, tho fence returns over tho mouth of the shaft 
This particular arrangement of the platform and fmoe was designed with a view to the reedy 
removal of tho water raised in tulw from the shaft 

When tho walling has been completed, a stroug and convenient hood-gear must bo erected to 
onntinuo tho drawing of tho stuff on tho resumption of the sinking beneath the walling. In oon- 
ucction with this hecul-gear, a steam engine will be required to draw (he rubbish and the water 
from the excavation. Fig 852 is of an arrangement ootnmon in the Chesterfield district Since the 
introduction of the winding engine of the locomotivo type of construction, uo strong foundations or 
buildings are required lioyond a light shod. 

The sinking having roachod a point at which moderate quantities of waUr will be met with, 
means must be provided for draining the bottom of tho excavation. The streams of water which 
enter the excavation through fissures in tho rook are called feeders. Surface ft eders are such as are 
in diroot communication with tho surface ; these, of course, are influenced by the weather. Partial 
feeders are thoee which are in communication with a cavity containing wafer; they gradually 
decrease after being opened, and in time become entirely exhausted. Permanent feeders are such 
as derive their water from inexhaustible sources, and therefore continue without diminution. The 
mailer quantities of water that escape from the strata into the excavation must be raised to surface 
either in tubs or by pumps. The method of drawing the water in tube is sufficient whenever the 
quantity of water is not neat Even when the quantity is considerable, it may be advantageously 
removed by this means, tor winding is a far cheaper mode of raising water than pumping. 

The tub commonly used for drawing water is of iron, and is similar in shape to the kibble. The 
capacity of these tuba is frequently about 100 gallons, when it is intended to draw by the engine. 
The tub is suspended by a bow turning m two pins placed a little below the centre of gravity, on 
the outside of the tub. Besides the larger bow which turns upon the pins forming the points of 
suspension, there Is a smaller one fixed to the tub, and naming freely beneath the former. On one 
aide of the tub la a spring oatoii, which, by laying hold of the larger bow, prevents the tub from 
tilting In the shaft When the tub is raised frill of water to the top of the shaft, the waHar-en 
•state the mate bow, and, rel ea s in g the ipring catch, pulls tho tub over, discharging jhe water 
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fate k *hoot, tar which ii ia conveyed »w»y. Tho posikm «f the centre of mvity above the Ufa 
up m which the tab turns readers the operation of Mpplsig aft msj one. 

The objection to this form of tub, that it haa to be filed from above, may be removed by ocm- 
etraeting it with a valve at the bottom, through which the water can enter. When the tub k 
lowered into the water, the pressure of the latter forooa up the valve, and the tub fills. When the 
tab is foil, the valve drops upon its seating, and retains the water. To empty the tub, it is lowered 
on to a trough, when the projection of a spindle coming in contact with the planking, the valve is 
forced np. 

When the excavation has attained the depth of from 15 to 20 yds* means must bo provided for 
directing a sufficient current of air down to the workings. The air-box will for some time give an 
adequate ventilation ; it consists of a wooden pipe, generally about 12 in. square, outside dimensions, 
made of 1-in. or f-in. deal boards, the joints of which fit truly, and are tarred or pitched to ronder 
them fairly air-tight. This pipe is fixed against the side of trie shaft and carried down to noar the 
bottom. In order not to encumber the mouth of the shaft, the pipe, within a few feet of the bottom, 
is passed through the walling, and carried in an inclined direction to surface, at a convenient spot 
a few yards distant Over the aperture of the pipe at this spot a chimney Is roughly built of brioks, 
in which a fire is kept burning, or into which a steam jet is turned, or instead of erecting this special 
chimney, the pipe may be put into communication with one already etlating, the engino stuck, for 
example. As tbe lower end of the pipe cannot be brought close down to the working* by reason of 
the danger to which it would be exposed from the shots, a flexible canvas tube, called a bag, Is 
attached, which is dropped lower as the sinking proceeds. It will be necessary to keep a consider- 
able current of air passing through this pipe ; for besides the large quantities of jKiwder smoke that 
have to be carried off, carbonic acid gas, or choko dump, may exude from the joints and fissures in 
the rocks; and in passing through thin seams of ooals, or on approaching the thicker seams, 
blowers of inflammable gas may be met with. 

When the depth of the shaft has become great, or oorlier if tho rook U foul with gan, the fore- 
going method of ventilation will be found insufficient, and recourse must then bo hud to tbe plan 
of bratticing the shaft, that is, of dividing it by u wooden jiartitiou, culled a brattice. Tho purpose 
of the bratticing is to divide tho shaft into two unequal air-tight compartments, tho larger of which, 
devoted to the drawing of the stuff, may serve os a downoaat, and the smaller, reserved for the 
pumps, as an npcast The arrangement is of the same nature ns that of the air-box, but tho 
difference is that the brattice gives a very much larger airway than the box. When the biattico 
has been put in, the ventilation will proceed naturally, tho current descending on one side, and 
ascending on the other side of the brattice. Under such conditions, bowover, the air current will 
not always descend through the same comportment, the directum Mng dependent upon external 
causes, as the direction of tho wind, and tho existence of objects affording shelter. When this 
natural ventilation has become insufficient, the top of the smaller compartment is planked over, and 
the sjiace below placed in communication with a chimney, through an incliuod passage, as in the 
case of the air-box, or with a small fan. 

There are two methods adopted of constructing tho bratticing, one known as the bunton system, 
and the other as tho plank system. In tho former, ileal battens, 7 in. X 8 in. in section, are fixed 
against the sides of the shaft, one on opposite sides, from the top to near the bottom. Ah thono 
side or stringing planks are to form the supjiort for the bratticing, they must be firmly fixrd to tho 
shaft. The method of fixing them is to drill holes in the walling to a depth of not less than 12 in., 
and to plug these holes with wood to give a sufficient hold for the spikes. Where the shaft is lined 
with metal tubbing, the planks are spiked to tbe joints of the tubbing. At intervals of 3 ft. from 
centre to centre, the stringing plunks are provided with notches to receive the ends of other lwittcim 
or the buntons, placed horizontally from stringing plunk to stringing plank across the shaft. These 
buntons are fixed to the aide supports with nails, and are intended to support tho ('loading 
or sheathing which is to oomtitute tiio brattice. This clouding consists of fir hoards from i to 2 in. 
thick, according to the character of tbe hi attiring, whether temporary or permanent, nailed 
vertically upon the buntons. These txsirds are planed true on the edgOH, ho ah to form air-tight 
joints, and in nailing them in position care is needed to keep the joints close. When the brattice is 
to be permanent, a thin strip of wood or sliver is inserted into a groove ploughed in the edges of two 
corresponding boards. 

The plank brattice is of more simple construction, and is to be preferred an a permanent struc- 
ture. In this system of bratticing, two side planks are used upon each side of the shaft, placed at 
an interval of 3 in. apart, und the buntons are dispensed with. The brattice boards are 3 in. thick, 
and are placed horizontally, edge upon edge, by being slid down the groove* formed on opposite 
sides of the shaft by tbe side planks. The joints ia this kind of bntttieo are kept firm and air- 
tight by planing the edges of the boards true and doweiling them with iron dowels, or preferably 
by means of oak slivering. Wheu iron tubbing is used, the latter is cast with grooves to receive 
the boards, in order to dispense with the stringing planks. Whatever the nature of the bratticing, 
it must not be carried, during the sinking, nearer to tbe bottom than 20 ft., 1* -cause of the injury 
which might be caused to it by the firing of shots. Another precaution is to secure the brattice from 
injury by the aarending kibbles, and consists in plaetng beneath it, at intervals apart so as not to 
materially impede tbe ventilation, sliding deals, similar to those placed beneath the covering of the 
shaft at surface. 

On resuming the sinking beneath the walling; tbe excavation is carried down in a line with the 
inside of tbe wedging curb for a distance of about 3 ft, and from that point gradually enlarged to 
the full diameter. This enlargement should be proportioned so as to make the sides of the excava- 
tion, from the point at which the enl arge m en t begins to that at which it terminates, form an angle 
of *buut 80° with the horizontal. By this means a kind of bracket is left for the support of the 
walling. Beneath this bracket the excavation ia continued down of the foil diameter. When a 
depthhaa been waehed at which wal ling becomes n a turnery, a wedging curb is laid, and tbe walling 
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it built upon H, till the lower portion of the took bracket it arrived ai Thit bracket it then cut 
away in tmtll portion! at a time, and the walliog carried up to the under tide of the wedging curb* 
During thit part of the work, it will be necessary to rapport the wedging curb of the upper length 
of walling, at the points from which the rook hat been removed, by vertical prop* set upon the lower 
walling. 

This portion of the sinking being in compact rock, the excavation will be carried on by meant 
of blasting. The details of these operations nave been described under the bead of Blasting. The 
procedure in shaft sinking is precisely that followed in a heading, and the first operation consists in 
unkey ing the face, effected by angling the shot holes. The tinkeying is from the centre of the face, 
that it, the bottom of the excavation. When the strata are highly inclined, however, it is better 
to unkey from one side of the excavation. The water which flows mto the workings must be col* 
looted into one place, both for convenience in raising it, and for the purpose of keeping the surface 
of the rock clear for the sinkers. The depression caused by the removal of the key serves for the 
purpose of collecting the water, and is called on that account the sump, or well. Into this sump 
the tub dips, or, if pumps arc used, the suction hose is dropped. When the rook beds are highly 
inclined, the water gravitates towards the dip side of the excavation, and it therefore beoomes neces- 
sary to place the ramp in that situation. The unkeying of the rock from this direction is, more- 
over. favourable to the action of the shots under the conditions of highly inclined beds. In 
putting in the shot holes, euro must be taken not to terminate them in, or nearly in, a bedding* plane, 
because when so cituato the force of the charge expends itself along this plane. 

When the shot holes are bored by machine drills, the most favourable position for the holes can- 
not always be adopted. 

The blasting, especially if the shot holes have been bored by machine drills, leaves the sides of 
the excavation in a very rough state. These will, thi refore, require to be subsequently dressed down 
by hand with the pick and the wedge. 

The sinking and wailing of the shaft will be continued through the rock until water-bearing 
beds are met with. Down to this point all the infiltering water has been raised to surface, without 
mueh difficulty, in tubs, or by means of small pumps. But when heavy feeders are met with, it 
becomes important to stop them back. This is accomplished by a water-tight wooden or east-iron 
lining, called tubbing, which is fixed in the shaft throughout that portion whieh passes through 
the water-bearing beds. Brick walling has been applied ns tubbing, but is not suitable, and is 
very rarely used. Wooden tubbing, in England, has Win almost entirely abandoned in favour of oast 
iron. It is, however, still very commonly adopted on the Continent of Europe, and where timber 
is plentiful. It is therefore desirable to describe this kind of tubbing, and the method of fixing it 
in the shaft, particularly as many of the operations of fixing the tubbing are identical for both 
kinds. 

The sinking lxmeath the last wedging curb supporting the walling is carried down a few feet in 
a lino with the inner faoe of the ourb, to form a support for the latter, and then gradually laid off to 
the diameter, in tho case assumed, of 15 ft. 6 m., for metal tubbing; and to about the same diameter 
for wooden tubbing. From this point, the sinking should be carried down through the permeable bed 
to the imperv ious bod beneath with all possible sjieod. When a water-l>earing is pierced, the water, 
which is often under great pressure, issues in great abundance into the excavation, and this abun- 
dance increases as the water clears itself a passage through the interstices of the rock. When the 
impervious lied has boon reached, tho sinking will bo brought into its net size of 13 ft., and con- 
tinued down till a good foundation is found for tho wedging curb. At this point, the sinking, after 
being carrh d down 4 or 5 ft. farther to form a sump for the water, will be shorn back to receive the 
wedging curb, Tho latter is of ouk, and similar to that UMid for tlie walling, but of somewhat larger 
sectional dimensions ; the joints require to be tittod with greater oar©, thm slit deals being placed 
between thorn, and the rock bod must bo prepannl and levelled with perfect accuracy for its recep- 
tion. As the wedging has a tendency to lift the outer edge of the curb, the bed should have a slight 
inclination outwards, so that the upper Burfaceof the ourb may be perfectly level when the wedging 
is completed. 

When laid in position, tho wedging curb should bo everywhere about 2} in. from the sides of 
tho excavation, so as to loavo an annular space of tliat width between it and the rock. Care should 
be taken to see that the rook be perfectly sound in this part ; if joints or small fissures exist, they 
must bo well stopped with day, or, in some cases, caulkod with oakum. A fir sheathing 1| in. 
thick is placed next the curb in the annular space betmeen it and the rook; the breadth of this 
sheathing is a little greater than tbe depth of the wedging curb, so that when In position it stands 
a tittle above the latter. When the shaft is circular, saw -cuts at every 3 in. across the sheathing, 
that is, at right angles to its length, will be required, to enable it to adapt itself readily to the shape 
of the ourb. The fir sheathing la forced iuto close oontaot with tho curb by means of wedges driven 
in at intervals, and tho spaoe between it and the rock is filled in with mom or with oakum. The 
moss must be forced in until it is incapable of further compression, when the wedges will have to 
be withdrawn, and their places also filled with moss. The prop, which is set upon the joint of the 
curb, and made to abut against tho rock above, is needed to prevent the ourb from rising during 
the operations of wedging. 

The curb is now ready for wedging, which is performed in the following maimer. Between the 
ourb and the sheathing, carefully prepared wedges are driven m, to force the sheathing and the 
moss behind it firmly back against the rook, so that the curbing, when finished, shall make a per- 
fectly water-tight joust The wedges are of soft wood ; poplar, where this is readily procurable, as 
in Franco ; and fir in other leostities. It is essential that these wedges be uniform in dimeostoat 
In form, those first apjdied will be brood and fist; afterwards narrower wedges of a pointed form, 
oolled spiles, will be required. The fiat wedges are inserted dose together all round the curb, the 
edge bring slightly driven in to keep them la position. When all the wedges are inserted* they 
are driven in ss equally and ss nearly simultaneously as possible. Thenextopeeatkmistodoub* 
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the wedges. An iron wedge, of greater thickness then the wooden ones, is driven in far thejrnr* 
pose of loosening the wooden wedge next to it, by taking the pressure from the sheathing, when 
this wedge is freed, it is taken out, and another one substituted for it, head downwards. A seoond 
wedge or the same dimension is then inserted, point downwards, between the upturned point of the 
first and the sheathing. 

When the wedging has been completed np to this point, a quadrangular iron wedge, steeled at 
the tip, is driven in successively between the fiat wooden wedges, for tho purpose of inserting the 
point of a fir spile. These spiles are driven into the interstices between every two wedges, until 
they refuse to penetrate further. When these are all driven down, the whole of tho curbing is 
tightly wedged in all directions, and the moes has become so oomprossed as to he hardly visible ; 
the heads of all the wedges and spiles are then adzed down. Next, tho heads of all the fiat wedges 
are cleaved with a steel-tipped iron wedge, and oak spiles, previously well dried in an oven, arc 
inserted in the cleft, and driven in as far as they will go. The operation of cleaving the wedges is 
continued as long as a spile can be made to enter. When no more can bo got in, the whole is adsed 
down to a level surface, and tho curbing is then complete. Bomotimes throe such curbs are laid ; 
but commonly there are but two. It is important that the wedges should be put in dry, because 
when in that state their dimensions are at a minimum, and by swelling, on exposure to' moisture, 
they still further tighten the joint. It is for this purpose that tho last wedges inserted arc dried m 
an oven. Precisely the same method of fixing the wedging curb is adopted when the shaft is poly- 
gonal, as frequently on the Continent. 

When the wedging curbs have been laid, the tubbing is built upon them. Tills tubbing consists 
of wooden curbs, constructed similarly to the wodging curbs, and built np one upon another 
throughout the whole length of tho shaft to bo tubbed. These curbs are gonorally about 8 in, 
broad on the bed, and 10 in. in depth. They need not bo all of tho samo depth, and their 
thickness will be determined by tho pressure which they will bo required to support, and will, 
therefore, diminish as the tubbing rises towards tho Burfaoo. The ln*ds of the curbs should bo truly 
dressed, in order that a water-tight joint may l>o mado subsequently by merely caulking it. When 
the height of the tubbing is considerable, a broader curb, called a bearing curb, is put in at inter- 
vals of 8 or 10 yds., and firmly wedgod against the rook. Those bearing curl* take the weight of 
the tubbing off the wedging curbs at tho bottom. The space behind tho tubbing is tilled up with 
strong concrete. This concrete backing ponetrates into every hollow and fissure, and on hardening 
it forms a strong protective casing around tho tubbing. The existence of such a easing greatly 
facilitates tho operation of replacing a faulty curb after the completion of the shaft. 

In the cose of iron tubbing, tho weriging curbs arc of cast iron, and hollow, sometimes open on 
the outside and sometime on tho inside, and divided at intervals by partitions to give strength to 
the curb. The hollows between these partitions are filled with ouk. In some cases, tho einh is not 
open on either side. Generally, these curl** are about J8 in. broad, and (1 or 7 in, in depth, tho 
thickness of the metal being about 11 in. Cast-iron curbs are put together in segments, and laid 
upon a bod of f-in. fir sheathing. Oak sheathing is inserted between tho joints, which are made Hun l>y 
wedging. This sin athitig should be cut and placed in such a way that the gram may run towaids (ho 
centre of the shaft, and it should be made to tajicr from the outer towards tho innet face of the curb, 
soy from a thickness of 1 in. on tho outside to j| in. or £ in. on the inside. The mntluwl of fixing tho 
iron wedging curb is the same us that adopted for the wooden curb. Notnetimiw a wooden \redging 
curb is first laid, and an iron ono theu laid upon it ; more frequently, two iron curbs are hud one 


upon the other. 

Tho plates of tho tubbing, like tho wedging curbs, arc cast in segments, tho dimensions of 
which require from eight to twelve to form a circle of tubbing. These segmnits vary from 1 2 in. 
to 86 in. m height, according to the pressure they are to withstand, and from f in. to 1} in. in 
thickness. They are smooth on the inside so as to form a regular surface in tho shaft, hut on the 
outside, next the reck, are strengthened by ribs ami flanges, supjsirtwl by bru< k« ts. These flanges 
form the edges of the segment, and they should be east perfectly true, so as to form a regular joint 
when two segments are brought into contact. The ton and ono of the side edges are provuh d on 
the outside with a projection or flange, to retain tho joint sheathing and two adjoining segments in 
their positions. Every augment lias a hole in the middle, to allow tho water to escape during tlici 
operations of settiug. This hole is made use of in lowering the s( gments and in placing them in posi- 
tion. lie method (? setting the segments is as follows. Ashtafhingof pitch pine, f in. or * in. thick, 
is laid u|K>n the upper surface of the wtdgmg curb, to form the joint between it and the first oonrso 
of tubbing ; the breadth of this sheathing will lie from 4 to 5 in, A course of tubbing is then set 
upon this bed all round the shaft, and fir sheathing, from \ in. to § in. thick, is planed between 
the joints, in the same manner as was nquired for the wedging curb. In order to close up tho 
joints and to steady the tubbing in position, two strips of wood, 1 in. thick and from 4 in. to 6 In. 
broad, may be placed behind the vertical joints, between the tubbing and the reck; and a third 
strip, thinned off towards tho end to form a wedge, driven down between them. The ajmee between 
the tubbing and the reck is next filled in with loose reck from tho excavation, or preferably, with 
good concrete. When the latter is used, it will be well to remove tho wedging strips bebmd tho 
vertical joints as the concrete is put in. Upon the top of this first course of tubbing, pine sheath- 
ing is hud to form the horizontal joints between the courses, and a second course is set up upon 
thfi, and fixed in position in the same manner as the first. The vertical joints of the second course 
must be over the middle of the segments forming the first course. These operations are repeated 
until the stone bracket supporting the wedging curb beneath the willing is reached. Thla rack ts then 
eat away sufficiently to afford room for the tubbing, leaving a portion of tbe thickness to stipjxirt 
the wsmmsL and the tubbing completed np to the wedging curb. Tbe joints have now to be 
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•Sttthiiig. and broad fiat wedges are driven into tbe clefts thus made. There wedges are about 
4 in. broaAand fin. thick at the bead. When the joints have been filled with these, a square-pointed 
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«teel tool is used to make fresh incisions, and spiles or square wedges of the same thickness are 
driven in wherever possible The joints between the top coarse of tabbing and the wedging curb 
beneath the walling most also be tightly wedged The plugging of the holes in the centre of each 
segment is also commenced from below. When the head of water is great, there is some diffi- 
culty in inserting the plug on accouut of the force with which the water issues. After the ping 
lias been driven in as tightly as possible, the bead is cleaved with a chisel, and an oak wedge 
driven into the cleft to increase the hold of the ping. Care must be exercised in plugging not to 
proceed too rapidly, because it is necessary that any air or gas that may be imprisoned behind the 
tubbing should be allowed to escape. 

As the corroding action of water is very destructive to cast-iron tabbing, means must be adopted 
for protecting it. A thick coating of tar or of paint will be found sufficient in some situations. 
When the shaft is an upcast, and the mine is ventilated by furnace, or when there are engine fires 
underground, the destruction of the tubbing may proceed rapidly, and a lining of bride may be 
inserted ; but such a lining renders it difficult to repair the tubbing or to stop a leaky joint, and 
when a lining of this nature is contemplated, the diameter of the excavation must be determined 
accordingly. Sometimes a lining of wood is put in to protect the tubbing, and should consist of 
deeds 2 in. thick, having their edges properly bevelled to form close joints. 

Cast-iron tubbing is more difficult to construct and to repair thau wood tubbing ; but it is far 
more durable under ordinary conditions, and it is capable of resisting a much greater pressuro of 
water. The wood tubbing may bo used with safety down to a depth of 100 yds. ; but for greater 
depths iron tubbing is alone suitable. The thickness of cast-iron tubbing will be determined, as 
far us the exigencies of practice will allow, by the pressure which it will bo required to sustain. 
Tho following formula gives the maximum thickness for segments not exceeding 2 ft in depth, 
H being tho hood of water, and D the diameter of tho shaft, in feet, and T the thickness of the plate, 
In inches , — 

T = 0-35 + 0 00025 I1D. 

In practice, tho thickness is generally varied at every 25 ft 

There remains to bo described another method of supporting tho sides of tho excavation during 
sinking to the stone hem], adopt'd iu the Lancashire districts, which disjMmses with wood entirely, 
except for the walling curbs. This method is known as backcusiug, and consists in employing 
bricks laid dry, in the place of tho wood required in curbing. 

Tho shaft is laid out with a diumetcr 20 in. greater than that required for the permanent 
walling, and carried down os far us the sides will stand safely. A walling curb, similar in 
construction to tlioso described for tho jKjrmunent walling, hut of larger diumeter, and smaller 
sectional dimensions, 9 in. x 3 in., is then laid upon a carefully Icvelkd bod at the bottom of the 
excavation, A walling of dry bricks, one brick thick, is built up upon this curb to surface. Tho 
sinking is then resumed witli a diameter equal to tho inside of the curb, and continued dow n 
another <» ft. At this depth, the sides of tho oxcavution are shorn back at one part for a width 
equal to the length of one of the segments of the curb, and u segment of a new curb put in. Punch 
pro|m will Is* required to sumnirt the curb beneath the walhng at this point, from which the under- 
lying bed has been removed. Upon tins segment, a new length or course of walling is then built 
up, and tightly wedged to tho first walling curb, so us to afford a good support to the latter. Tho 
wedge* used for this purpose should lie broad and thin, and profeiuidy of fir. An udjoimng portion 
of the side* of the excavation, equal in width to the first, is now shorn back, and a second segment 
of the curb laid and bolted to tho first, and tho walling carried up on this segment and joined by 
wedging to tho upper curb. These ojiorutjouH are rej s ated until the whole of the curb has been 
laid, and the elrele of wulling put in. When this ha* been accomplished, the sinking is carried 
down in a lino witli the inside o! the curb through another 6 ft., and the sides shorn back or walled 
as liefore u|sm a thiid curb. This mode of procedure is continued until the stone head is reached. 
If the woik lias been carefully executed, ibis IttckcoMiig will bo nearly as strong as the permanent 
walling. When tho stone head 1ms lieon reached, the permanent walling is built up inside tho 
Ittckcasing. Thus, unlike tho wooden curbing, the hiick liackcasing is left behind the permanent 
walling, whtnoo its name. The support afforded by this system of backcasing is superior to that 
obtained from the wooden curbing. 

In carry iug a sinking down to the stone hood through bids of quicksand, or loam saturated 
with water, an enormous pressure develops itself against the timbering. Instead of placing the 
curbs at intervals upart of 3 ft., it may lie impossible to exceed 6 in., or it may even be ncocssary to 
plaoe them iu oontuot with owe another. Also the strength of tho curbs must be augmented by 
inoreasiug their dimensions up to a sectional area of C in, x C iu. The fluid character of the sand 
constitutes a very peat difficulty m sinking, because the issue of the sand iuto the excavation 
oooasions tho (ailing in of tho sidt*# and the surface, besides the necessity which it orcates of 
removing an indefinite quantity with the water to be lifted. When the water is under great 
pressure, this difficulty is insurmountable. 

There arc several methods of sinking through quicksand, but the general and most effective, 
when tho sands exist uoar the surface, is by piling ; that is, by driving planks close together 
vertically arowud the shaft, and supporting these internally with curbs. When this method of 
passing through the loose rock is to be adopted, the shaft must lie laid out of a sufficiently large 
diameter to allow of tho successive reductions which will have to be made at each course of piling. 
To do this accurately, it is necessary to know exactly the thkknoss of the beds, which must be 
ascertain**! from existing shafts in the locality, or if none be available for tluit purpose, by loriags. 
It is seldom that the former source of information is sufficient, and preliminarvAorings maybe 
regarded as generally necessary. As the curbs to be used are 6 m. x 6 in., and ftui ajflPgsSfri. 
thick, every fresh course of piling will diminish the diameter of the rxravatKA by 18 fsu With 
pika 15 ft. long, a fresh course win be required at about every’ 12 It, so that the redqfHoa of the 




